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CHAPTER I. 

Shipping and Harbours. 

The Commercial greatness of England is of almost as 
modem a character as its Engineering. England had very 
little foreign commerce before the middle of last centur}-. 
It did not begin to assume any special importance until the 
steam-engine had been invented by James Watt. 

The Maritime greatness of England is also of compara- 
tively recent growth. Although the sea is now regarded 
as the national business of Englishmen, scarce two cen- 
turies have elapsed since England was unable to defend 
her coasts against foreign pirates. 

At a time when Spain, Holland, France, Genoa, and 
Venice were great maritime powers, England was almost 
without a fleet, its trade with other countries being con- 
ducted principally in foreign ships. 

Until the middle of the sixteenth century, the Foreign 
Company of Merchant Adventurers monopolized almost 
the entire foreign trade of London. Their headquarters 
were in the Hanse Towns of Germany, and they carried on 

II. B 



2 SHIPPING AND HARBOURS. Chap. L 

their trade with England under the protection of a special 
code of mercantile law. They occupied large premises in 
Upper Thames Street, London — where they had their 
Guildhall, dwellings, and warehouses, surrounded by a 
strong wall, — together with a wharf on the Thames.* 

The privileges of the foreign merchants were withdrawn 
in 1552, because they were considered prejudicial to the 
growth of native commerce ; but what the state of the 
English merchant navy was about that time, may be 
inferred from the fact stated by the Secretary to the 
English Company of Merchant Adventurers, that in 1540 
there were not more than f(mr merchant ships of above 
200 tons each, belonging to the river Thames ! f 

Bristol, then next in importance to London,' possessed 
several large foreign-built ships; but the principal craft 
belonging to that port was only of from 50 to 100 tons 
burden. In Queen Elizabeth's time Liverpool was a poor 
decayed town, and petitioned, in 1571, to be relieved from 
a royal subsidy ; the entire shipping of the place amounting 
to only 223 tons, — the largest vessel being only of 40 tons 
burden. 

It is astonishing, however, to find what bold and daring 
things were done by the Englishmen who navigated these 
ships. The sea-going blood was in them, and wherever 
the ship would float, the seamen were ready to go. Sir 
Humphry Gilbei*t crossed the Atlantic, and sailed along 
the coast of America in the ' Squirrel,' of only 10 tons I 
Sir Francis Drake's fleet, which left the English shores for 



* The Company was denomi- j into cloth in the Low Countries 



nated "The Steelyard Company 
of Foreign Merchants," partly be- 
cause they imported nearly all the 
iron and steel used in England. 
They also imported all the spice, 
fine cloth, silks, and other foreign 
commodities; the only article 
which they exported being English 
wool, for the purpose of being made 



and Germany. The Cannon Street 
Station now occupies the site of 
the Steelyard Company's premises. 
The Hanse Towns Corporation con- 
tinued to hold the property until 
within the last few yeetrs. 

t Macpherson's ^Annals of Com- 
merce,' ii. 85. [Ed. 1805] 



Chap. 1. ENGLISH ADVENTURiRS 3 

the circumnavigation of the globe, consisted of five veesels, 
the largest of which was not of 100 tons burden.* 

In those early days, the Companies of English Mer- 
chants seem to have laid the foundations of our colonial 
greatness. They were most enterprising in the discoveries 
which they promoted. Thus the Merchant Adventurers 
of the Muscovy Company endeavoured to find a way, by 
the North-East Sea, to Japan and China. The brave navi- 
gator Hudson made his first voyage into the Frozen Seas 
in an ill-found little craft of about 80 tons, accompanied 
by a crew of twelve men and a boy. Arthur Pet and 
Charles Jackman penetrated to the Kara Sea through the 
Tugor Strait, in two little ships — one oi 40 tons, with 
nine men and a boy, and the other in a boat of 20 tons, 
with five men and a boy. 

Martin' Frobisher was another of these early maritime 
heroes. Under the patronage of some private persons, and 
of the Company of Foreign Merchants, he sot out, in the 
reign of Elizabeth, to discover the North- West Passage to 
China. His fleet consisted of two small craft of 24 tons 
each — scarcely the size of Thames yachts, and both poorly 
found— accompanied by a pinnace of 10 tons ! And some 
years later — for the discovery of the North- West Passage 
seems to have ■ continued the dream of mariners down to 
our own time — Robert Fotherby, in 1615, assisted by the 
East India Company and the Company of Foreign Mer- 
chants, set out in the ' Richard,' accompanied by Robert 
Baffin as his pilot, to discover the same passage to glory 
and wealth. 

The royal navy was on a par with the mercantile ; and 



* One of Sir Frarcis Drake's 
ships, the *■ Golden Hind,' was 
us^ until recently, as a Thames 
barge. Another interesting little 
vessel, the ' Investigator,' of about 
150 tons, used to lie moored off 
Somerset House, where it was 



used as one of the floating stations 
of the Thames River Police. The 
'Investigator' was the vessel in 
which Capt. Ross made his first 
voyage to the Polar Seas in searcli 
for the North-West Passage. 

B 2 



4 SHIPPING AND HARBOURS. Chap. I. 

ait the time when the Spanish Armada bore down upon the 
English coast, it consisted of only twenty-three ships, 
eight of which were under 120 tons. There were only 
nine of 500 tons and npWards, the ship of the greatest 
burden being of 1000 tons, carrying only forty guns. The 
principal part of the fleet which held at bay the Armada 
nntil the storms had scattered it, were coasting-vessels of 
small burden, belonging to Lyme, Weymouth, and other 
ports along the southern coast. Of the whole seventy-five 
vessels which constituted the squadron under the Lord 
Admiral and Sir. Francis Drake, not fewer than sixty were 
from 400 tons down to as low as 20 tons. About the same 
period, the small but flourishing republic of Venice pos- 
sessed a fleet of more than three thousand vessels of various 
kinds, carrying upwards of thirty-six thousand seamen. 

The English navy, however, made gradual progress. 
Its growth was quickened by the commercial spirit of the 
people. In 1613 there were ten vessels of 200 tons be- 
longing to the port of London. The suppression of the 
foreign monopoly of the carrying trade had the effect of 
giving a considerable impetus to the English shipping 
business; and by the year 1640 we find the number of 
ships and sailors more than trebled. We had not yet, 
however, obtained our proper ascendency. Van Tromp 
was still able to sail up the Channel with a broom at 
his mast-head, showing that he had swept his English foes 
from off the seas. The Dutch, in fact, then displayed those 
qualities of commercial enterprise, adventurous discovery, 
and fighting power at sea, on which the English people 
now pride themselves. 

The Dutch not only beat our fleets, but fished our coasts, 
just as the English, Scotch, and French fishermen now 
fish the coasts of Ireland ; and the Dutch then upbraided 
us for our idleness and stupidity, as we now upbraid 
the Irish. The writer of a pamphlet published in 1614, — 
" Tobias Gentleman, a fisherman and mariner," — pointed 
to the great amount of wealth yearly taken out of His 



Chap. I. ENGUSH SEA-FISHING. 5 

Majesty's seas by the Hollanders, whereby they had grown 
rich and powerful, possessed of a great fleet, and were able 
to dictate terms to the Spaniards; whereas the English 
coasting people were poor, idle, and negligent, and con- 
strained even to beg bread of the " plump Hollanders." 
Tobias was indignant at seeing the foreigners, whose in- 
dustry and diligence he nevertheless praised, using our 
seas as a rich treasury, and drawing wealth from them as 
from a gold-mine. Six himdied Dutch busses, of some six 
score tons each, were employed in the herring-fishery along 
the British coast, — from the mouth of the Thames as far 
north as Shetland, — ^besides numerous others in the cod- 
fishery ; protected by some twenty, thirty, and even forty 
ships of war to prevent their being pillaged by the Dun- 
kirkers, who were the chief pirates of those times. 

That these Dutchmen should come into our markets and 
sell us our own fish, carrying away great quantities of 
gold and silver, whilst English ships lay rotting, was a 
thing that, Mr. Gentleman thought, should not be borne. 
*' It is much to be lamented," he said, " though we have 
such a plentiful Country and Store of able and idle people, 
that not one of His Majesty's Subjects is there to be seen, 
all the whole Summer, to fish or to take one Hening : 
but only the North-sea Boats of the Sea-coast Towns, 
that go to take Cods ; they do take so many as they need 
to bait their Hooks, and no more. We are daily scorned 
by these Hollanders for being so negligent of our Profit 
and careless of our Fishing; and they do daily flout us 
that be the poor Fishermen of England, to our Faces at 
sea, calling to us and saying, Ya English, ya zall or oud 
scone dragien, which in English is this : You English, we 
mil make you glad to wear our old shoes" * 

From this curious tract it would appear that much even 
of our commonest English industry is of modem growth ; 
and that the herring fishery, which it might be supposed 
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was indigenous in England, is as modem as most other 
branches of employment. Down to about the end of last 
century the only fiishing was conducted close in-shore, the 
fishermen shooting the nets from their small cobles ; and 
it was not imtil the year 1787 that thjB Yarmouth men 
began the deep-sea herring fishery.* 

Another remarkable feature of those early times was the 
piracy which prevailed round the English coasts. The seas 
were as unsafe as the roads, and a system of plundering 
passing ships was as common as that of robbing mail- 
coaches. Sea-roving doubtless ran in the blood of the coast 
population, themselves the descendants of the pirate North- 
men. There were many daring spirits amongst them, and 
when a bold leader started up and fitted out a ship to make 
a dash at Spanish galleons, or a descent on the French 
coast, he had never a lack of desperadoes to follow him — 
thorough-going seamen, equally ready to brave the storm 
and the battle — to face the hurricanes of the Atlantic in 
a cock boat, or to fight against any odds. Hence Scaliger, 
when describing the English of his day, said of them, 
" They make excellent sailors and pirates " — " Nulli melius 
piraticam exercent quam Angli." f 

Drake sailed along the Spanish main, sacked the Spanish 
towns, burnt the Spanish ships, and carried off their gold, . 
although no declaration of war had yet been made by 
Elizabeth against Spain. Drake's vessels were the pro- 



♦ * An Historical Account of the 
Herring Fishery on the North- 
East Coast of England' (small 
pamphlet). By Dr. Cortis. Feb. 
1858. 

t Gongora, the Court poet of 
Spain, in his sonnet on the tomb 
of the Great Admiral Alvar Bazan, 
called * The Scourge of the Eng- 
lish/ wrote these words in 1588 : 

** Let all He>peTia weep In woe and pain, 
Heaven's wrathful sign In his sad loss 
displays. 



Whereby our idandfoes, no more afraid, 
Look up, and launch their pirate cntft in 
vain." 

And in his ode on the Armada, 
Gongora again says : 

*' Doubt not, those English pirates soon 
shall 8taln 
The green and whitening main 
With dark and crlmsou gore." 

Alvar Bazan was to have com- 
manded the Armada, but died be- 
fore it was ready for sailing. 
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perty of private persons, who sent them forth upon adven- 
ture on the high seas ; and there were not wanting others 
to follow his example, especially after war had been de- 
clared between the two countries. Th6 records of the 
Corporation of London contain some curious entries relative 
to the fitting out of ships, which were sent to sea, for the 
capture of Spanish galleons and the subsequent division of 
the spoil. In 1593 we find a richly-laden carrack captured 
by Sir Walter Kaleigh, and brought into the Thames a 
prize. On the 15th of November, in that year, a Com- 
mittee was appointed " on behalf of such of the City Com- 
panies as had ventured in the late fleet, to join with such 
honourable personages as the Queen hath appointed, to 
take a perfect view of all such goods, prizes, spices, jewels, 
pearls, treasures, &c., lately taken in the carrack, and to 
make sale and division thereof." * It appears that about 
12,000Z. (then about four times the value of our present 
money) was divided amongst the Companies who had ad- 
ventured, and that about 8000Z. was similarly netted by 
them on a subsequent occasion. 

Similar ventures were often made, both before and after 
Ealeigh's time. In Eichard II.'s reign, one Philpot hired 
a thousand men and sent them to sea, where they captured 
fifteen rich Spanish vessels-f Harry Page, of Poole, ravaged 
the coasts of Spain, France, and Flanders, bringing home 
the plunder of many churches, numerous prisoners, and 
prizes laden with rich cargoes. 

But the piratical propensity was not only displayed 
against our continental neighbours, but by the seagoing 
population of one town against those of another. In 1342 
Yarmouth and Hull sent out a piratical fleet against 
London and Bristol; and ports as near each other as 
Lyme and Dai-tmouth, in the adjoining counties of Dorset 



♦ * CJorporatlon of the City of 
London Beoords/ Journal xxiii. 
foL 156. 



t Roberts's * Social History of 
the Southern Counties of Eng* 
land.' 
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and Devon, waged deadly feud and strove to capture each 
other's vesselfi.* 

The sailors of the Cinque Ports were at war with those 
of Yarmouth, and in Edward I.'s reign, regular safe con- 
ducts were granted to certain Cinque Ports vessels requiring 
to visit that port, as if it were an enemy's. The Yarmouth 
men were even at war with those of Lowestoft, Camden 
relating of them that " they often engaged their neigh- 
bours, the Lestoffenses, or men of Lowestoff, in sea-fights, 
with great slaughter on both sides." 

Robert de Battayle, of Winchelsea, plundered a passing 
ship belonging to some merchants of Sherborne ; but the 
feat must have been regarded as creditable, for a few years 
later his townsmen chose him for their mayor. At the end 
of the sixteenth century three noted pirates — Hamilton, 
T wittie, and Purser — ravaged the coasts of the south-western 
counties. In 1682 Purser attacked the ships, both English 
and French, riding in Weymouth Harbour, and carried off 
a Rochelle ship of 60 tons. But Weymouth itself also sent 
out piratical vessels, which picked up many rich prizes. 

Down even to the middle of the seventeenth century 
piracy was. quite common along the Devonshire coast. 
The weakness of the royal navy is sufficiently obvious 
from the fact that Turks and Algerines sailed along the 
Channel, up the Severn, and into the Irish Sea, capturing 
ships ; while the Dunkirk pirates assailed with imptinity 
the east coast towns, from Dover to Berwick-upon-Tweed. 
The Emperor of Morocco was even bribed to cease from his 
piratical expeditions and to protect British trade ; and the 
bribe continued to be paid until the year 1690. Sea- 
robbers were masters of the Channel as late as the reign 
of Charles Lf 



* Roberts's * Social History of 
the Southern Counties of England,' 
p. 74. 

t In 1634, the Lords of the Ad- 



miralty wrote as follows to Capt. 
Thomas Ketelby: — "Have lately 
received complaints out of the 
west country of divers outrages 
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Wlien piracy was at last put a stop to along the English 
coasts, the more desperate pirates took service under the 
Turks, while many more sailed away to the West India 
Islands and turned buccaneers.* Hugh Miller, in his 
autobiography, speaks of his great-grandfather, John 
Feddes, as " one of the last of the buccaneers ; " and he 
states that the house in which he himself was bom " had 
been built, he had every reason to believe, with Spanish 
gold." 

Such being the early state of British shipping, there was 
very little need of harbours. The navigable tidal rivera 
were found amply sufficient for the accommodation of the 
shipping, then of comparatively small burden, by means of 
which trade was then carried on. London possessed a great 
advantage in her fine river, the Thames, up which the 
natural power of the tide lifted vessels of the largest burden 
into the heart of the land, and lowered others down again 
to the sea, twice in every twenty-four hours. The river 
served as harbour, dock, and dep6t in one, and provided 
ample waterway, with abundant quay accommodation, 



lately committed in those parts by 
Turks and pirates, insomuch as 
the poor fishermen dare not put to 
sea, and the inhabitants are afraid 
of being taken in the night out 
of their houses. Further under- 
stand, that Ketelby being on the 
17th May sent by Sir John Pen- 
nington, with the Garland and two 
Lion's Whelps, to scour the western 
coast and to suppress the Turks 
that lay between the Land's End 
and Scilly, he has neglected that 
important service, and spent his 
time in putting into Plymouth 
Sound and other Beads. He is to 
hasten and scour the western parts, 
especially between Ushant, the 
Land's End and SciUy." (* CJol- 
lection of State Papers,' 1634-5. 
Edited by J Bruce.) It was amidst 



such a state of things that King 
Charles required the tax of *^ Ship- 
money '' to be levied. Parliament 
would have granted him the 
money, but having chosen to levy 
it illegally, it shortly after led to 
" The Great Rebellion." 

* Even in later times the prince 
of the Hebrides bore without 
scruple the title of " Arch-pirate." 
The Barbary states also afford 
examples of odious but not wholly 
savage communities, professing 
piracy as a trade ; and the letters 
of marque of Europeans prove 
how easy, even to ourselves at the 
present day, is the suspension of 
the fundamental principles of our 
whole legal system, and the return 
to lawful private robbery. (Lappen- 
berg, i. 87). 
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which BufRciently served the purposee of trade down almost 
to our own day. 

Among the early ports, Bristol ranked next in import- 
wice to London : it was also provided with a convenient 
river, the Avon, up which ships were floated by the tide 
to port. At the siege of Calais, in Edward III.'s time, 
Bristol furnished almost as many ships and mariners as 
London ; and it went on increasing in importance down to 
the end of the seventeenth century. Liverpool was then 
scarcely known as a seaport, and, indeed, was little better 
than a fishing village. Before the art 6f engineering had 
advanced so far as to enable harbour walls to be built 
in deep water, the tidal rivers sufSciently answered the 
purpose of harbours. Hence London on the Thames, Bristol 
on the Avon, Hull on the river Hull, Chester (the principal 
shipping-port for Ireland) on the Deo, Gloucester on the 
^ Severn, Boston on the Witham, and Newcastle on the 
Tyne. 

At Bristol the ships lay upon the mud at low water, the 
course of the river Proom having been turned, in early 
times, in order to make "a softe and whosy (oozy) har- 
boure for grete ehippes ;" and the habit of lying on the 
mud made the Bristol ships so bulge and swell out, that 
until quite recently " a Bristol hc^ " could be recognised 
by the practised sailor's eye far off at sea. Bristol was 
only provided with floating docks at the beginning of the 
present century, long after Liverpool had overcome the 
difficulties of the currents in the Mersey, and provided for 
herself a system of docks, now considered superior to every- 
thing else of the kind in the world. 

The ample line of the British coast, broken by innu- 
merable deep-water bays and inlets, also afforded consider- 
able convenience for the shipping of early times. The 
email size of the craft enabled them to be beached with 
ease, and the utmost that was done in the way of harbour 
works was to empty large stones roughly into the sea so as 
to form a breakwater or a pier at the harbour head. But 
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the sea was found a fickle and dangerons neighbour, and 
those early works were often washed away. Mr. Boherts 
gives the rough representation, shown in the annexed cut, 
of the mode of constructing the ancient pier at Lyme 
Begis ; and most probably the same method was pursued 
elsewhere. 




Ancient Manner of oonstmcting Piera 



The rocks which lay upon the shore were floated over 
the line of the proposed sea-work by means of casks, and 
dropped into their places. Strong oak piles were then 
driven into the ground along either side of the rocks for 
the purpose of holding them together. Great reliance was 
placed upon timber, and especially upon oak. 

The Cob or harbour at Lyme Begis * was so successfully 
put together in this way, that Queen Mary ordered the 
workmen to be impressed and forwarded to Dover, to 
execute a similar work for the protection of the harboui 
at that place. They were next employed at Hastings, 
where they reared a pier of huge rocks edgeways, but 
without timber. But the seas of the ensuing winter com- 



* The Duke of Monmouth, with 
followers, entered the port of Lyme 
in 1685. " That town," says Mac- 
aulay, " is a small knot of steep 
and narrow alleys, lying on a coast 
wild, rocky, and beaten by a 
stormy sea. The place was then 
chiefly remarkable for a pier, 
which in the days of the Plan- 



tagenets (?) had been oonstmcted 
of stones, unhewn anduncemented. 
This ancient work, known by the 
name of the Gob, enclosed the only 
haven where, in a space of many 
miles, the fishermen could take 
refuge from the tempests of the 
Channel."—* History of England,* 
i. 573. [First edition.] 
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pletely overtlirew the atruoture ; and again, in 1597, the 
workmen erected another pier, using much timber in oross- 
doga, bars, and braces. The work was thirty-feet high, 
" bewtyfull to behold, huge, invariable, and unremoveablo 
in the judgment of all beholders ; " but on the next All 
Saints day a storm upon a spring tide scattered the whole, 
and to thia day Hastings remains without a stone pier. 

Among the numeroi» fine natural harbours on the south 
coast were those of Portsmouth, Plymouth, Weymouth, 
Falmouth, and Dartmouth, all situated at the mouths of 
rivers or bays, as their names indicate. Kone of them 
had piers until a comparatively recent date, the only 
landing-places at Portsmouth and Southampton being on 
" the Hard." The Cinque Porte, on the coast of Kent, 
were mostly beach harbours, and were constantly liable to 
be choked up by the gradual movement of the ahingle up 
Channel ; eo tJmt Winchelsea, Eomeey, and Hythe thua 
became completely lost. For the same reason Dover was 
always a port most difficult to be preserved. The shingle, 
rolling along the coast by the south-westerly winds, 
blocked up the port by a bank which extended from east 
to west, until the pent-up inland waters, collecting behind 
it, forced their way to sea, thus maintaining an opening 
more or less partial. 

Various attempts were made to preserve Dover Harbour 
-'-- times, the most important improvements being 
aducted by Sir John Thompson, master of the 
)ieu in the reign of Henry VIII. He enclosed a 
lin with a quay by driving two rows of piles into 
ottom as far out as the Mole Rock, and filling in 
rtices with blocks of stone and chalk. The stones 
ited along shore from Folkestone by means of 
isks, as at Lyme. It is said that not less than 
were expended on these works ; but the imperfect 
in which they were constructed may be inferred 
fact that the sea very soon made several breaches 
all and the pier, and the beach accumulated, as 



Chap. I. EARLY ENGLISH HARBOURS. 13 

before, all round the bay, so that a boat drawing only four 
feet of water conld scarcely enter the harbour. 

Foreign engineers were then called in — amongst others, 
Ferdinand Poins, a Fleming, and Thomas Diggs, who had 
studied harbour construction in the Netherlands; and 
various additions were made by them to the works in the 
reigns of Elizabeth and James. The harbour was always, 
however, in danger of becoming silted up down to our 
own times; and the improvement of it formed the sub- 
ject of repeated reports of Perry, Smeaton, Bennie, and 
Telford. 

Along the east coast of England, the early harbours 
were few and bad. Thoresby . relates that in his time 
(1682) Whitby, in Yorkshire, possessed a harbour 'formed 
by a rough quay projecting at the mouth of the river ; 
but h© adds that there was no other haven for ships be- 
tween that place and Yarmouth, in Norfolk. Yarmouth 
has, like Dover, been the subject of much unavailing 
engineering, in consequence of the peculiar difficulties of 
its situation. It stands on the banks of the rivers Yare 
and Burr, from the former of which it received its name. 
It was always liable to be silted up by the sands which 
abound along shore. Nevertheless it continued to maiil- 
tain some trade ; and down to the time of Henry VIII. 
it was regarded as the most important maritime town* 
along the east coast. But the channels leading to it were 
so liable to become choked up, that its prosperity was very 
irregular, and sometimes its navigation was all but lost. 

The Yarmouth people were reduced to even greater 
straits than ordinary in the reign of Elizabeth, when they 
adopted the usual expedient of sending abroad for an 
engineer of reputation to recover their navigation; and 
Joyse Johnson, a celebrated man in his day, came over 
from Holland to direct the works. He caused a strong 
pier of piles to be formed, which had the effect of directing 
the current in such a manner, in a north-easterly direction, 
as to give a temporary relief. The difficulty, 'however, 
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was not Bnirmounted, aa we etill find the inhabitants 
fighting against the Bea-banks which hemmed in the port, 
during the reigns of James and Charles, and even during 
the Commonwealth ; until eventually a south pier wae 
formed, the continuation of which, in a fine curve, was 
carried up the river, and formed an extensive wharf, 
affording considerable accommodation and Becurity for 
shipping- The original north pier was subsequently 
abiotdoned, and a new north pier was erected, on a plan 
chiefly intended to aesist in warping ships into the 
harbour. 



VwmoaUi Old Pkr. [By I!. V. L*iith.] 

Yarmouth long had a weather-beaten jetty— a great 
favourite with landscape painters — which extended into 
the sea on the eastern side of the town. On this site a 
jetty was built in 1560, with a crane at the end to facili- 
tate the landing of goods. It was rebuilt in 1508, and 
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became one of the principal landing-places on the east 
coast. Exiled sovereigns landed there to seek the shelter 
of England, and embarked there to seek the returning 
loyalty of their subjects. Nelson twice landed there, 
amidst enthusiasm, to receive the embraces of his coun- 
trymen. 

The English docks, which are now the pride of English 
engineers, have for the most part been constructed during 
the present century. Liverpool set the example of dock- 
making at the beginning of last century, and it has 
continued to keep the lead of all the other towns and 
cities to this day. The first dock constructed in Great 
Britain was "The Old Dock" at Liverpool, under the 
powers of an Act passed in the eighth year of Queen 
Anne's reign,* when the population of the town was under 
6000 in number. The Liverpool people were perhaps 
forced by necessity to make the dock. Sandbanks were 
closing up the Dee, and driving the little shipping there 
was from Chester to Liverpool. But the ships, when lying 
in the rapid current of the Mersey — which was also ex- 
posed to the heavy gales from the westward — could not 
easily be unloaded ; and it was consequently found ne- 
cessary to make inlets or docks along the strand, for the 
purpose of giving the ships shelter during the process of 
loading and unloading. Hence the first Act to provide 
Liverpool with a dock. It not only afforded 652 feet of 
quay space for the shipping, but it was shut in from the 
tides by means of dock-gates, and was consequently a 
floating dock. In 1760 the Salthouse Dock was opened, 
and still later the George's Dock. Dry docks were also 
provided, open to each tide, and these are now mostly used 
for the purposes of the coasting-trade. 

The King's Floating Dock was opened in 1785, and the 



* 8 Anne, chap. 12 : a Public 
Act. It was long before the Old 
Dock was finished ; but we learn 
from William Enfield'p ' Essay to- 



wards the History of Leverpool, 
that it must have boeu opened by 
the year 1728. 
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QneeD's Dock in 1789. Then followed the great Prince's 
Dock, which was opened in 1821, when the Old Dock, 
which could only accommodate smaller ships, was filled up, 
and the modem Custom House was erected on its site. The 
docks, which have since then been constructed in Liverpool, 
are of immense magnitude. They occupy about 300 acres, 
and are able to accommodate shipping of more than five 
millions of tons burden. 

There was no public dock on the Thames until the be- 
ginning of the present century. There were two private 
docks : one, the Greenland Dock, for whaling ships ; the 
other, Mr. PjBrry's dock, for the accommodation of East 
India ships. The Greenland Dock is said to have included 
the commencement of Canute's Trench, stated, on the 
authority of Stowe, to have been cut early in the eleventh 
century from thence to Battersea. Mr. Perry was a ship- 
builder, who constructed his private dock at Blackwall, 
for the purpose of getting the East India shipping out of 
the river, and placing them, and the traffic they contained, 
under lock and key. 

Before there were any public docks on the Thames, the 
merchandise was kept afloat in barges, for want of room 
to discharge it at the legal quays. An Indiaman of 800 
tons could scarcely be delivered of her cargo in less than a 
month, and the goods had then to be lightered from Black 
wall nearly to London Bridge. In addition to the rapid 
increase of foreign trade towards the end of last century, 
there was also a rapid increase in the coal trade. 

A strong prejudice had' long existed in London and else- 
where, as to the use of " sea-coal." Edward I. issued a pro- 
clamation against its use, and a man was actually hanged 
during his reign, for committing the crime of burning it 
within the limits of the City. But as the forests became 
consumed for the production of " charre coal " for domestic 
purposes, and for iron -smelting,* there was no alternative 



* The destruction of the woods was a topic of lamentation with 
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but to fall back upon the rich stores of coal found in the 
northern parts of England. 

Then it was that the Newcastle coal shipping-trade 
sprang into importance, and has ever since proved the 
X^rincipal nursery of our seamen. The fleets of colliers 
entering the Thames, added to the other shipping, caused 
a great throng of vessels in the river ; and what with the 
coal-lighters and merchandise-barges, — which carried the 
goods and coal uf the river, — and the wai*ehou8es and ooal- 
yards on shore, it became a very crowded and often a very 
confused scene. The merchandise, borne from the vessels 
to the warehouses, became liable to serious depredations ; 
and the losses from this cause, as well as the over-crowding 
of th^ river, at length led to the provision of floating docks 
at various points, and to a further vast development of the 
port of London. 

The Thames was, for a long time, not only the harbour, 
but the great silent highway of the Metropolis. The city 
lay mostly along the banks of the river, and the streets 
and roads long continued so bad, that passengers desiring 
to proceed eastward or westward, almost invariably went 
by boat. There were also ferry-boats constantly plying 



the poets of the time. George 
Withers, in 1634, tells us witii 
what feelings he beheld 

** The havoc and the spoyle. 
Which, ev'n within the compass of my 

dayes, 
is made through every quarter of this He — 
In woods and groves, which were this 

kingdom's praise." 

^ Stowe, also, in his ' Annals,' says : 
*'At this present, through the 
great consuming of wood as afore- 
said, and the neglect of planting 
of woods, there is so great scarcity 
of wood throughout the whole 
kingdom that not only the city of 
London, all haven towns, and in 
very many parts witbiu the land, 



II. 



the inhabitants in general are 
constrained to make them fires of 
sea-coal or pit-coal, even in the 
chambers of honourable person- 
ages; and through necessity, which 
is the mother of all arts, they have 
of very late years devised the 
making of iron, the making of all 
sorts o[ glass, and burning ot 
brick, witii sea-coal or pit-coaL 
Within thirty years last, the nice 
dames of Lon(ion would not come 
into any house or room where sea- 
coals were burned, nor willingly 
eat of the meat that was either 
sod or roasted with sea-coal fire." 
(Stowe's * Annals,' by Homer. 
London, 1632, p. 1Q25.) 
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from side to side of the river, and so long as London 
Bridge presented the only means of crossing by coach 
or on foot, the number of persons daily using the ferries 
was necessarily very considerable. A horse-ferry plied be- 
tween Lambeth Palace and Millbank, the tolls of which 
belonged to the Archbishop of Canterbury, and there was 
another across the river at Hungerford, both being ren- 
dered comparatively unnecessary when the second bridge 
was erected at Westminster. The extent of the river 
traffic may be inferred from the circumstance stated by 
Stowe, that in his time the Watermen's Company could at 
any time furnish twenty thousand men for the fleet. But 
as the streets of the metropolis were improved, as more 
bridges were built, and when the use of coaches had ex- 
tended — against which the watermen strongly protested — 
their numbers rapidly diminished, until at length they 
have almost become extinct. 



While the engineering and shipbuilding of England 
were in so backward a state, comparatively little use was 
made of the sea for the purposes of travelling. The state 
of the roads prevented travelling by land ; the state of the 
ships prevented travelling by sea. Travelling by road 
was accompanied by the risk of highway robbery, and 
travelling by sea was accompanied by the risk of piracy 
and shipwreck. 

At the present time, when a steamship can make the 
voyage between England and Australia with such regu- 
larity that you may count upon her arrival almost within 
three days, and when steamers of thousands of tons bur- 
den sail almost daily between New York and Liverpool, 
and their arrival may be depended upon to a day and 
almost to an hour, the loss of time in long and even 
bhort voyages, would now be regarded as something ex- 
traordinary. A passage mi(jht be made in a Leith smack 
between London and Edinburgh in four or five days ; but 
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during contrary winds, it might last for three or fonr 
weeks ; and the smack might in the meanwhile be driven 
over to the coasts of Norway. At the beginning of the 
present century it took six* weeks to bring tibe North Cork 
regiment of militia from Cork Harbour to Colchester. 

There was a considerable difference in getting from 
London to the Continent in, the old times and the new. 
The ancient Continental route used to be through Graves- 
end Manor, belonging to the Abbot of Tower Hill, who, 
♦'finding that by the continual recourse to and from 
Calais, the passage by water between London and Graves- 
end was much frequented, both for the great ease, good, 
cheap, and speedy transportation (requiring not one whole 
tide), made offer to the young King Bichard the Second, 
that if he would be pleased to grant unto the inhabitants 
of Gravesend and Milton the privilege that none should 
transport any passengers by water from Gravesend to 
London but they only, in their own boats, then should 
they, of these two parishes, undertake to carry all such 
passengers, either for twopence each one with his farthell 
(a truss of straw) or otherwise, making the whole fare or 
passage worth four shillings." * To this proposal the King 
consented, and hence the route to and from the Continent 
long continued to be by Gravesend. Ambassadors to the 
Court usually took boat at Gravesend for London ; and per- 
haps a finer entrance into the great Capital of the kingdom 
could not have been selected. 

The comfort of the Long, Ferry for the commoner sorts 
of people could not, however, have been very great. The 
passengers were required to bring with them their respec- 
tive trusses of straw to lie on. They were also, when the 
tide was low, under the necessity of landing in the mud a 
mile or two short of their destination, and either wade 
their way to shore, or pay for being carried thither on the 



♦ * A Perambulation of Kent' By William LamVarde, of Lin- 
coln's Inn, Gent. London, 1656, p. 534, 
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backs of mud-larks. The boatmen only rendered tbem- 
Belves liable to a penalty, if they landed the passengers 
more than two miles short of their destination ! 

Fielding has left an account, in his ' Voyage to Lisbon,' 
of the tediousness and discomfort of voyaging, about the 
middle of last century. His ship was fixed to sail from 
opposite the Tower Wharf at a certain time, when Field- 
ing, ghastly and ill, was rowed off to it in a wherry, 
running the gantlope through rows of sailors and water- 
men, who jeered and insulted him as he passed. The ship, 
however, did not set out for several days, and Fielding 
was compelled to spend the intervening time in the con- 
fines of Wapping and Eedriff. The vessel at length 
sailed, and, reaching Gravesend, anchored for the night. 
Next evening they sailed for the Nore, and the day after 
that they anchored off Deal, and lay there for a week. It 
took four days more to beat down Channel to Eyde, where 
Fielding was landed in the mud fifteen days after his 
embarkation at the Tower ; and a long, long time elapsed 
before the termination of his voyage at Lisbon. 

When coaches began to run upon the improved road be- 
tween London and Dover, passing by Blackheath and Dart- 
ford to Eochester and Canterbury, the principal part of the 
continental traffic was diverted from Gravesend, though 
the comfort of the journey does not seem to have been 
very much improved. Smollett gives a rather dismal 
account of his progTess from London to Boulogne in 1768, 
which presents u curious contrast to the facilities of 
travelling by the modem Boulogne steam route. After 
tediously grumbling his way through Eochester and 
Canterbury, fleeced by every innkeeper on the road, he at 
last reached Dover in a very bad temper. He pronounced 
the place to be a den of thieves, where the people live by 
piracy in time of war, and by smuggling and fleecing 
strangers in time of peace. He did them the justice, how- 
over, to admit, that "they make no distinction between 
foreigners and natives. Without all doubt a man cannot 
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be mucli worse lodged and worse treated in any part of 
Europe ; nor will he in any other place meet with more 
flagrant instances of fraud, imposition, and brutality. 
One would imagine they had formed a general con- 
spiracy against all those who go to or return from the 
Continent." 

But Smollett's troubles had scarcely yet begun, as he 
found to his cost before he reached Boulogne. He sent for 
the master of the packet-boat — a comfortless tub, called a 
Folkestone cutter — and hired it to carry him across the 
Strait for six guineas, the master demanding eight. " We 
embarked," he says, " between six and seven in the evening, 
and found ourselves in a most wretched hovel. The cabin 
was so small that a dog could hardly turn in it, and the 
beds put me in mind of the holes described in some cata- 
combs, in which the bodies of the dead were deposited, 
being thrust in with the feet foremost: there was no 
getting into them but endways, and indeed they seemed 
so dirty, that nothing but extreme necessity could have 
obliged me to use them. We sat up all night in a most 
uncomfortable situation, tossed about by the sea, cold and 
cramped, and weary and languishing for want of sleep. 
At three in the morning the master came down and told 
us we were just off the harbour of Boulogne ; but the wind 
blowing off shore he could not possibly enter, and there- 
fore advised us to go ashore in the boat." 

Smollett went on deck, when the master pointed out 
through the spray raised by the scud of the sea where the 
harbour's mouth lay. The passengers were so impatient 
to get on shore, that after paying the captain and " grati- 
fying the crew " (which was no easy matter in those days), 
they committed themselves to the ship's boat to be rowed 
on shore. They had scarcely, however, got half way to 
land, before they perceived a boat coming off to meet 
them, which the captain pronounced to be the French 
boat, and that it would be necessary to shift from the one 
small boat to the other in the open sea, " it being a pri- 
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vilege of the boatmen of Boulogne to cany all passengers 
ashore." 

Smollett then proceeds : — " This was no time or place to 
remonstrate. The French boat came alongside, half filled 
with water, and we were handed from the one to the other. 
We were then obliged to lie upon our oars till the captain's 
boart went on board, and returned from the ship with a 
packet of letters : we were then rowed a long league in 
a rough sea, against wind and tide, before we reached 
the harbour, where we landed, benumbed with cold, and 
the women excessively sick. From our l«nding-place wo 
were obliged to walk very near a mile to the inn where 
we purposed to lodge, attended by six or seven men and 
women, bare-legged, carrying our baggage. This boat 
cost me a guinea, besides paying exorbitantly the people 
who carried our things ; so that the inhabitants of Dover 
and Boulogne seem to be of the same kidney, and indeed 
they understand one another perfectly well.*'* 

The passage of the ferry between England and France 
continued much the same until a comparatively recent 
period ; Fowell Buxton relating that as late as the year 
1817 the packet in which he sailed from Dover to Boulogne 
drifted about in the Channel for two days and two nights, 
and only reached the port of Calais when every morsel of 
food on board had been consumed. Steam has entirely 
altered this state of things, as every traveller knows ; and 
the same passage is now easily and regularly made four 
times a day, both ways, in about two hours. 

The passage of ferries in the northern parts of England 
was equally tedious, uncomfortable, and often dangerous. 
In * A Tour through England in 1765,' it is stated that at 
Liverpool passengers were carried to and from the ferry- 
boats which plied three times a day to the opposite shore, 
" on the backs of men, who wade knee-deep in the mud to 
take them out of the boats." 



♦ Smollett's . * Travels through France and Italy.' Letter I.- 
June 23rd, 1763. 
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Between Htill and Barton a packet plied onoe a day 
across the Humber, the travellers wading to the boats 
through a long reach of mud ; but whether the voyage 
would occupy two hours or a day, no one could predict 
when embarking. If the weather looked threatening, 
the travellers would take up their abode at the miserable 
inn on the Barton side until the wind abated. Now the 
voyage is regularly and frequently performed every day, to 
and from New Holland, in less than half-an-hour. 

The ferry of the Frith of Forth was also a formidable 
affair, and a voyage to Fife was often full of peril. The 
passage to Kinghom or Burntisland was made in an open 
boat or a pinnace, and the boatman usually waited, it might 
be for hours, until sufficient passengers had assembled to 
go across. The difficulty of passing the Forth ferries was 
experienced by Mr. Eennie as late as 1808, when returning 
across the Frith from Pettycur, where he had been ex- 
amining the harbour with a view to its improvement for 
the packet-boats which plied between there and Leith. 
" The wind blew fresh," he says, " from about three points 
westward of south, and after beating about in the Frith 
for nearly three hours, we were obliged to return to Petty- 
cur ; and, to save time, I went round by Queen's Ferry," a 
place nine miles to the westward, from whence it was three 
miles across the Forth, and then other nine miles to 
Edinburgh; the distance directly across from Pettycur 
being only seven miles. This state of things, we need 
scarcely add, has been entirely altered by the facilities 
afforded by modem steam navigation. 

The passage of the Bristol Channel was equally un- 
certain and dangerous. Gilpin gives a graphic account of 
the perils of his voyage across from Cardiff in 1770, in his 
' Observations on the Kiver Wye.' On descending towards 
the beach he heard the ferryman winding his horn, as a 
signal to bring down the horses. The old ferry-boat was 
usually furnished with falling ends for the admission of 
cattle and heavy articles ; and where the ferry was across 
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a river, there was usually a chain passing along the side 
of the boat on pulleys, and fixed to each bank, by which 
it was hauled across. But from Cardiff to the other side 
of the Bristol Channel was several miles, and it was ac- 
cordingly rather of the nature of a voyage. The same 
morning on which Gilpin crossed, the ferry-boat had made 
one ineffectual attempt to make the farther side at high 
water ; but after toiling three hours against the wind, it 
had been obliged to put back. 

When the horses were all on board, the horn again 
sounded for the passengers. " A very multifarious com- 
pany assembled," says Gilpin, " and a miserable walk we 
had to the boat, through sludge, and over shelving, slip- 
pery rocks. When we got to it we found eleven horses on 
board and above thirty people ; and our chaise (which we 
had intended to convert into a cabin during the voyage) 
slung into the shrouds. The boat, after some struggling 
with the shelves, at length gained the Channel. After 
beating about for near two hours against the wind, our 
voyage concluded, as it began, with an uncomfortable walk 
backwards through the sludge to high-water mark.'* 

The passage of this ferry was often attended with loss 
of life when the tide ran strong and the wind blew up 
Channel. Moreover, the ferrymen were by no means skil- 
ful in the management of the boat. A British admiral, 
who arrived at one of these ferries, and intended to cross, 
observing the boat as she worked her way from the other 
side, declared that he durst not trust himself to the sea- 
manship of such fellows as managed her ; and, turning his 
horse, he rode some fifty miles round by Gloucester ! 
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CHAPTER IL 

Beacons and Liguthocises. 

Like onr docks and harbours, our b'ghthoufieB are among 
the youngest triumphs of modem engineering. Everything 
in England is young. We are an old people, but a young 
nation. Our trade is young; our mechanical power is 
young ; our engineering is young ; and the civilisation of 
what are called " the masses " has scarcely begun. Not 
a hundred years have elapsed since the best prize that 
could befall the barbarians of Devon and Cornwall was 
a rich shipwreck, and when false lights were displayed on 
shore to lure the passing vessel to its destruction.* 

The lighting up of our coast by means of beacons and 
lighthouses for the purpose of insuring greater safety 
to ships approaching our shores by night, received very 
little attention in early times. So long as the mercantile 
navy was comparatively insignificant, and the amount of 
our foreign • trade was but small, the lighting up of our 
shores after dark was of much less importance than it 
is now. 

It was only when the commerce of the country began to 
develope itself — when our merchants sent out their vessels 
richly freighted to all parts of the world, and the sea was 
made a great highway for English trade and commerce — 
that it became a matter of {{absolute necessity, as well as 



* The inland people about Morte 
(North Devon) are " merciless to 
vTrecked vessels, which they con- 
sider their own by immemorial 
usage, or rather right divine. 
Significant how an agricultural 
people is generally as cruel to 
wrecked seamen, as a fishing one 
is merciful. I could tell you 



twenty stories of the baysmen 
down there by the westward risk- 
ing themselves like very heroes to 
save strangers' lives, and beating 
off the labouring folk who swarmed 
down for plunder from the inland 
hills." (Bev. Charles Kingsley^ 
* Prose Idylls.' 261.) 
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of eimple economy, to render the sea highvray as safe as 
possible, by plantinglight houBea upon all the dangerous 
rocks and headlands round the coast. 

The idea of the Lighthouse is, of course, very old. The 
ancient commercial nations were familiar with its use. 
They erected a tower on some dangerous part of the coast, 
which was a landmark by day and a lighthouse by night. 
The PhoeniciauB, though they did not go far out to sea, 
bat crept cautiously along shore, had marks by which 
they could easily sail along from one part of the shore to 
another. The Colosens of Bhodes is supposed to have been 
a gigantic brazen statue, surmounted by a hand bearing a 
lighted ohaufier, for the guidance of the shipping entering 
the port. 

The most distingnished of the early lighthouses was that 
erected on the Island of Pharos, at tie mouth of the Nile. 
The island is now connected with the mainland, and forms 
the site of the modem Alexandria. From that early light- 
house, all subsequent ones built by the Romans were called 
after the name of the island — Pharos. Many were erected 
along the most frequented parts of the Latin coast. One 
of the most remarkable was that built by Claudius at 
Ostea, the chief port of ancient Rome. Pliny mentions 
those built at Ravenna, Fozziola, and Messina; and also, 
the Pharos of the Isle of Capri, which was overthrown by 
an earthquake a few days before the death of Tiberius." 



* It ie alao related that theie 
Tfere illegitimate lights showo by 
the barboriaiiB of the coast*, who, 
like the Coraishmen, Bbowed folae 
ligiit* for the purpose of Iraing 
passing ships to their destructiou. 
It is not long BiDce vrrecking naa 
a common practice along our south 
coast. 08 well ae along the coast of 
Brittany, in France. 

It is related of one of the Breton 
Counts, St. lAon, that when a 



jewel was offered ia him for pur- 
chase, he led the deolei to a win- 
dow of his caette, and, showing 
him e. rock in the tideway, 
assured him that the black stone 
be saw was more valuable than al. 
the jewels in his casket. More 
valuable was tbe harvest of ship- 
wrecks to that ancient Bretcnt, 
than tbe much less gainful por- 
snits of honest industry. 
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The most important lighthouses erected by the Bomans 
in the North of Europe were those erected on the heighta 
above Boulogne, and on the heights above Dover. Their 
object was to light vessels passing across the Channel 
from one port to the other, and also those passing from 
the coasts of France to their stations at Portns Rutupia? 
(now Richborongh), near Sandwich or to Regulbium (now 
known as Recnlvers) on the Thames, by way of the 
channel which then separated the Isle of Thanet from 
the mainland. 

The tower at Boulogne is supposed to have been erected 
by Caligula. The original name was the Turris Ardens, 
but this eventually became corrupted into Tour d*Ordre» 
It was repaired by Charlemagne in the ninth century, 
and continued to exist until the sixteenth century, when 
Boulogne was in the hands of the English. It was then 
surrounded by ramparts, and provided with artillerj-, 
which were used to command the town and the entrance 
to the port. Quarries have been dug out where it stood, 
the cliff has also fallen away, and the site of ihe Tour 
d'Ordre has long been destroyed. 

From a description of the Pharos left by Claude Cha- 
tillon, engineer of Henry lY., it would appear that it 
was built about a stone's throw from the edge of the cliff, 
above and overlooking the high tower and the castle. 
The tower was octagonal in shape. At the base it was 
192 feet in circumference, and about 64 in diameter. 
It was constructed of grey stone, with thin red brick, 
and yellow stones laid across at intervals. It was 
built in two stories, each retiring about a foot and 
a half inside the other, so that it had, in some measure, 
the form of a pyramid. Each story had an opening 
towards the sea, of about the size of an ordinary door. 
There is also supposed to have been a chamber to 
contain the light, above the two stories, which, however, 
had ceased to exist at the date at which it was examined 
by M. Chatillon. 
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The sister Pharos at Dover is of a similar character to 
that which existed at Bouli^ne. It is also of Romau 
bnild, as is apparent by tho foundations being laid in a 
bed of clay, and by the Roman tiles, of the usual depth, 
laid in tiere across the work, and falling into each other 
like a half-dovetail, thereby reodering them close and com- 
pact. The Pharos ocenpies the highest point of the lofty 
rock on which the castle is built, and commands the English 
Channel as far as the eye can see. The coast of France, 
with Cape Grinez in 
the foreground, lies 
exactly opposite. The 
tower is octagonal 
without, and square 
within. At the base 
it is about 33 feet in 
' diameter, and, ori- 
ginally, it may have 
been about 72 feet 
high. At the summit 
it has three round 
holes on the three 
exterior sides, evi- 
dently for the purpose 
of a look-out, or for 
showing a light sea- 

Bede seems to have been under the impression that 
the Romans, during their long stay in Britain, erected 
lighthouses at different part* of the coast. Thus he inter- 
prete Streonshalh (the name of Whitby, in Yorkshire, 
in his time) into Sinus Fan, the bay of the lighthouse. 
The Bomans had a road from York to Dunum Sinus. 
now I>ansley Bay, a few miles to the north-west of 
Whitby ; and on an eminence in tho midst of the village 
of Dunsley there still remain the mina of a building 
which at one time may have been the guide-tower to 
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the navigation, and thus gave rise to Bede's name of the 
Bay.* 

Bede also relates that, before the Romans left, they built 
towers along the sea-coast to the southward, because there 
also the irruptions of the barbarians were apprehended, 
" and so^they took leave of their friends, never to return 
again."! "^^^ southern coast of England was in those 
days subject to the frequent attacks of Frisian and Saxon 
pirates — and hence the appointment, during the Boman 
days, of a Duke of the Saxon shore — which shore included 
the opposite coasts of both France and England. The 
towers may have been erected along the English shore, as 
our Martello towers were erected some seventy years ago — 
and they may, possibly, have been used as lighthouses for 
the purpose of warning the people inland of the appear- 
ance of the pirates ; but this is merely a supposition. 

Many centuries elapsed after the Bomans had left Eng- 
land, before anything further was done to light up the 
coasts by night. There was no necessity for doing so. 
The country had no commerce, no shipping, and was very 
thinly peopled. What civilisation the Bomans had left 
was rapidly dying out. Then foreigners began to land 
from the opposite coasts. They planted themselves firmly 
on the soil, and made Britain their home. It took a long 
time for them to grow into a maritime people. They 
merely came across in boats from the nearest points of the 
opposite coast ; and, with a fair wind, the voyage might 
be made in daylight within a few hours. 



* The passage in Bede (Hist. 
Eccles. Gentis Anglorum, i. cap. 
xi.) is as follows: — ^** Habitabant 
autem [Bomani] intra vallum 
quod Severam trans insulam fecisse 
oommemoravimus, ad plagam Me- 
ridianam, quod civitates, farus, 
pontes, et stratsB, ibidem factas 
usque hodie testantur." The word 
" farus '* has by some been tran- 
scribed as " fores " or " fana ; " but 



the best writers make the proper 
reading to be " farus." 

t Sea et in litore oceani ad Me- 
ridiem quo naves eorum habeban* 
tur, quia et inde Barbarorum in- 
ruptio timebatur, turres per inter- 
valla ad prospectum maris coUo- 
cant, et valedicimt sooiis tanquam 
ultra non reversuri. (Bede, * Hist. 
Eccles. Gent Angl.,' L cap. xiL) 
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It was not until the piratical Northmen began to crnise 
along our shores, that beacons and fire-towers began to be 
erected along the coasts, sometimes by the natives to warn 
the people inland against their arrival, and at other tmiea 
by the pirates themselves to guide them on their way. 
The Norsemen knew every headland along the coast ; and 
the names they gave them are retained to this day. From 
Dungeness and Grinez in the south, to Caithness in Scot- 
land, and the Naze in Norway, the names of the headlands 
round the German Ocean are mostly of Norse derivation. 
The Northmen were ambng the first to navigate the Irish 
Sea, and along the west coast of England and the east 
coast of Ireland, they gave names to most of the pro- 
jecting headlands along the coast. 

Near the entrance to the river Boyne, there is a solid 
mass of masonry known as " The Finger," an ancient land- 
mark, and probably a fire-beacon, erected by the North- 
men, who then held possession of Dublin, of Wexford, of 
Waterford, and of Limerick, and had extensive colonies 
settled in different parts of Ireland. On the opposite 
coast, in England and Wales, they had similar beacons 
and fire-towers. Near St. Ann's Head, at the northern 
entrance to Milford Haven, in Wales, there are the remains 
of an ancient beacon and lighthouse, which was all the 
more necessary to give light to the Norse ships entering 
the port, — as Milford Haven was the favourite piratical 
station of the Northmen, from which th^y made their de- 
scents upon Ireland, or on the Western Counties of England 
from Cornwall to Gloucester. 

The Northmen had also settlements in the Isle of Man 
and the Northern Counties of England. At the entrance 
to Morecambe Bay there is a small island called the Isle of 
Walney, at the southern end of which is a place still called 
Peel. It was originally so called because of a pile or tower 
that served for a lighthouse to guide the Northmen on 
their voyages from the Isle of Man to Lancaster; and 
the neighbouring headland became known as Fire-ness or 
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Fumess, which it retains to this day. Flamborongh, on 
the eastern coast of England, was also in early times used 
by the Danes or Northmen as a lighthouse ; and the name 
speaks of the rude fires of coal or wood that nsed to 
" flame " by night on that dangerous headland.* The 
Danes held a large area of nearly three thousand acres, 
enclosed by a formidable rampart— still called the-Danet^ 
Dyke. They most probably occupied it permanently, or, at 
all events, between the successive arrivals of their fleets ; 
when it was necessary to light up the headland to direct 
their ships to the landing-place situated in the bay imme- 
diately under the Head. 

South of Flamborough is a very dangerous part of the 
coast adjoining the northern entrance to the Humber. It is 
a narrow tapering neck of land, about two miles in length, 
over which the sea sweeps in high tides. The neck ends 
in Spurn Head. The flrst occupant of this place was a 
courageous hermit, who built a chapel to pray for poor 
mariners, and exposed a light in his windows to guide 
them up the Humber at night. Another anchorite, 
Eichard Eeedburrow, afterwards built a tower for a beacon, 
which is said to have been the flrst lighthouse built on 
that part of the coast. 

In ancient times, flres were also lighted for the guidance 
of seamen, at Foulness, near Cromer, at Lowestoft-ness, 
and at Orford-ness — all Norse names. A long spit of 
land lies between the river Aide and the sea near Orford 
— extending from near Aldborough to Haversgate Island — 
which was always a source of danger to mariners. A 
lantern used to be hung out at a part of the narrow strip 
of land, still called the Lantern Marshes, where two 
splendid lighthouses have since been erected. 

The first idea of a lighthouse, said Professor Faraday, is 
the candle in the cottage window, guiding the husband 
across the water or the pathless moor. But on Orford-ness 



♦ Rev. Isaac Taylor, * Words and Places,' p. 393. 
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a lantern answered the esme purpose. The main point 
waa the production of a steady light ; and it mattered not 
whether it was given forth by a candle, a lantern, pitch- 
pote, coals, or oil. Wood was also frequently employed ; 
but it was found too perishable. Lambarde says of the 
lights shown along the coast, that " before the time of 
Edward III. they were made of great stacks of wood ; 
but about the eleventh yeere of his raigne it was or- 
dained that in our shyre (Kent) they should ho high 
standardH with their pitch-pots."* 

Many attempts were made to light up the south coast 
at the most dangerous places. Some six hundred years 
since, when Winchelsea — now several miles inland — 
was a seaport, Henry III. issued a precept commanding 
that every ship laden with merchandise going to that 
port for the two following years, should pay two pence for 
the maintenance of the light there, for the safety of sailors 
entering by night, unless it were shown that the Barons 
had he^i accustomed to maintain that light at their own 
cost.f It appears that the Barons were in certain cases 
required to maintain the fire-lights, and to receive the 
sum of two pence from each vessel, usually called " fire- 
pence." 

One of the most dangerous p&ita of the south coast was 
DongenesB, consisting of a long low bank of shingle, run- 
ning far out into the sea,and not easily discernible at night. 
It is not known when the first light was shown on this 
part of the coast ; but Lamharde makes mention of its being 



* William Lambarde, ' Feram- | the maatera of the ships, for bus- 
bnlation of Kent,' p. 183. taining the fires at the accustomed 

* wn* Patent, 45 Henry III. i places, for the safety of Tessels 

ordinaQoe made in the arriving by night, so long as they 
' Henr; III. for Bettling ; maiDtsined the fliea : but, if they 
between the Cinque ; failed to do so, the Provost of 
d the inhabitants of Yar- I Yarmouth might receive the penoe 
it was declared that the [ api? maintain the fires. (Jenkea, 
if the Barona of the Porta | ' ChorterB of the Cinque Forts,* 
aceivB the two pence tmia I 1T2S, p. 14.) 
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lit up by beacons in the time of Edward HI. Speaking of 
Dongenesa, Xiambarde Bays, " Before this neehe lieth a flat 
into the sea, threatening great danger to sailore. In the 
reign of Edward III. it was first ordered that beacons in 
this country should have their pitch-pots, and that they 
shoold no longer be made of wood-stacks or piles, aa they 



[Br a. p. Ultcta. Ths Oalgn of Uia SCandud rri.ra Robnn's ' Swdil HI««T-'> 

beyet in Wiltshire and elsewhere." It has been observed, 
upon this passage, that the statement of Lambarde must 
imply that either a beacon was now first erected on the 
Ness Poi»t, or that there had previously been one com- 
posed of wood, for which a pitch-pot was now introduced, 
as being considered preferable.* 
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While these beacons were used to light up the coast 
for the benefit of mariners, they were also used for the 
purpose of alarming the nation when a foreign invasion 
was expected. When Bichard II. succeeded Edward III. 
in 1377, fire-beacons were ordered to be established along 
the south coast, the keepers of which were enjoined to set 
them on fire so soon as they saw the enemy's vessels 
approach. England was at that time without a fleet, and 
notwithstanding that the hill of St. Catherine's in the 
Isle of Wight was furnished with a chantry and a light- 
house, where a priest was maintained to say mass and 
keep the light burning, the French, nevertheless, landed 
and carried away a great deal of spoil, as they afterwards 
did at Winchelsea, Plymouth, Dartmouth, and elsewhere. 

Pitch-pots were not found to serve for coast-lights. In 
heavy storms, when lights were of the greatest value, 
the pitch-pots would either be blown out or drowned out, 
and then all would be darkness again. Coal was next 
introduced. It was set fire to, on an open chauffer, and 
fed from time to time by the lighthouse keepers. Wood 
continued to be used where coal was not available. Thus 
the Tour de Cordouan, off the south-western coast of 
France, long continued to be lit up by oak billets brought 
from the Gascon forests. But the English coast was 
mostly lit up by coal. In fact it is not so long since 
coal became disused. It was only in 1822 that the last 
coal fire, at Saint Bees, was extinguished. The last man 
who attended the coal beacon at Harwich — where the fuel 
was burnt in an open grate, with a pair of bellows 
attached — was alive only a few years ago.* The light- 



goldsmith of Bye, in the time of 
James I. But it will be observed 
that the Light existed long before 
that date. The present lighthouse 
was erected in 1792, at the sole ex- 
pense of the Earl of Leicester, 
after the model of the lighthouse 



built by Smeaton at Eddystone. 
Previous to that time, the light 
consisted of a raised platform, on 
which a pile of coals lay burning. 
* Nail, *■ Great Yarmouth and 
Lowestoft,* p. 721. 
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houses at Spurn Point, and on the Isle of May at the 
entrance to the Firth of Forth, also continued, until a 
recent period, to be lit up by coal-chauifers. The light, 
also, which the^ coal fires gave was very uncertain. 
When stirred, they emitted a bright blaze, and then sunk 
into almost utter darkness until again roused by the 
attendants. 

A long time elapsed before anything practical waa done 
to light up the coasts at night. The Trinity House was 
indeed established by Henry VIII. in 1515 ; but it was 
at first more of a monastic institution than a lighthouse 
association. It was denominated " The Brotherhood of the 
Most Glorious and Undividable Trinity." The brethren 
prayed for the mariners at sea, but they did not erect light- 
houses. Their duties were enlarged by subsequent sove- 
reigns. They had to appoint pilots for the Thames, collect 
dues for ballast, and erect lights and signals. They at- 
tended rather to the navigation of the Thames, than to 
the lighting of ships along the coast. The only step they 
took for the purpose of lighting up thQ coast, was the 
granting of leases from the Crown, for a definite number 
of years, to private persons willing to find the means of 
building and maintaining lights, in consideration of which, 
authority was given them to levy tolls on passing shipping. 

The erection of lights became a matter of specmation 
as well as of political jobbing. A speculative man would 
propose to erect a lighthouse just as he might propose to 
sink a coal-mine. If there was a dangerous rock at sea, in 
front of a seaport, any man might propose to the Trinity 
House to erect a building there for the purpose of guiding 
ships, in which case he was allowed to levy dues on the 
ships that passed. Or, if he had political influence, he 
might use it for the purpose of obtaining a lighthouse. 
Thus a memorandum was found in the diary of Lord 
Grenville, to watch the king into a good humour, that he 
might " ask him for a lighthouse." 

There was a combination of philanthropy with specu- 

D 2 
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lativeness, in erecting a lighthouse. The object -was to 
save human Kfe, though its net result was that it should 
pay ita constructor a large profit. When a lighthouse 
'was erected on the Smalls Hock in the Bristol Channel, it 
was through the instrumentality of Mr. Phillips of Liver- 
pool, a member of the Society of Friends. His object was 
to erect, at his sole risk and expense, a work that should 
be " a great holy good to serve and save humanity." The 
lighthouse was erected at considerable liak, and it was 
a strange-looking barracoon when finished. It doubtless 
I the lives of many seamen ; but it also served the 
Dses of its erector, who derived a large income from 
[ring his lifetime ; and, after his death, his repre- 
tives obtained from the Trinity House not less than 
lOO^ by way of compensation for handing it over to 
!orporation. 

.ere was another dangerous rock in the way of the 
ling bound for Liverpool — the Skerries Islands, north- 
of Holyhead. A privilege was granted to a private 
ilator to erect a lighthouse there ; and the dues 
?ed by the owner were so large that the Trinity 
1 were compelled to give him 450,00OZ. for the rock 
lighthouse, when they took It into their own hands ! 
x)den lighthouse was also erected in 1698 on the 
■stone Rock as a matter of speculation ; but that was 
swept away by the sea." The coasts of Cornwall 
)evon were also lit up about the same period ; for we 
nformed, in the Travels of the Grand Duke Cosmo 
ngland about two centuries ago, that the Plymouth 
ling " paid fourpenoe per ton for the light* which 
in the lighthouses at night."t 

3 also find from the records of the Corporation of Bye, 
a light was hung out from the south-east angle of the 
Hated building in that town, called the Ypres Tower, 
^de for vessels entering the harbour in the night- 

» ' Life of Smeaton.' I Qraud Dube of Tuscany, Uuoagh 

VravelBOf Cosmo the Thiid, | Easland' (1668-9). Jiondon, 1821. 
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time, and that not being found sufficient, another light 
"was ordered by the Corporation " to be hnng out o' nights 
on the south-west comer of the church, for a guide to 
vessels entering the port. A beacon to rouse the inhabi- 
tants in case of invasion was also kindled in the old oak- 
tree still remaining in the neighbouring churchyard at 
Playden. A light-pot used to be hung out from the 
spire of old Arundel Church for the purpose of guiding 
vessels entering the harbour of Littlehampton after dark, 
and the iron support of the rude apparatus is still to be 
Been there.* 

That lights were used for the guidance of ships may 
also be learnt from the practice which then prevailed 
among the wreckers along the Cornish coast of display- 
ing false lights, and thus luring passing vessels to their 
destruction; the shipwreck season being long regarded 
as the harvest season in Cornwall. With the increase 
of navigation, the erection of lighthouses at the more 
dangerous parts of the coast became a matter of urgent 
necessity; and it was such necessity, as we shall after- 
wards find, which brought to light the genius of Smeaton. 

Until tne erection of the Eddystone Lighthouse by that 
engineer, the only stone lighthouse in Europe was the fine 
Tour de Cordouan, built on a flat rock off the mouth of 
the Garonne in the Bay of Biscay. It was finished and lit 
up more than two hundred and fifty years ago ; and, though 
one of the earliest, it continues one of the most splendid 
structures of the kind in existence. It replaced a light- 



* The tower of Hadley Church, 
near Chipping Bamet in Middle- 
sex, was similarly used in ancient 
times, but as a larid beacon. 
The iron cage in which the pitch- 
pot was placed is still there. It 
is said that a lamp used formerly 
to be hung troia the old steeple of 
All Saints, York, for the purpose 
of guiding travellers at night over 



the forest of Galtres, and the hook 
of the pulley by which the lamp 
was raised is still in its place. 
Lantern lights were also hung 
from the steeple of Bow Church, 
London, Stowe says, "whereby 
travellers to the City might have 
the better sight thereof, and not 
miss their way.** 
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houBe founded bytteEnglisli on the rookin 1362-71, while 
the Black Prince was Governor of Guienne, 

The present etone building was begtm by Louis do Foix, 
one of the architects of the Eacurial, in 1684, in the time 
of Henry III., and was continued all through the reign of 
Henry IV., being finally completed in 1611, in the reign 
of Louie XIII. Ite height originally -was 169 feet French; 
but in 1727 it was raised to the height of 176 feet French, 
or 186} feet English. The building exhibits that taste 
for magnificence in construction which attained its meridian 
in France under Louis XIV. The tower does not receive 
the shock of the waves, but is protected at the base by a 
wall of circunivallation, which encloses the apartments for 
the attendants. It is not conical like the Eddystone, but 
is constructed in three successive stages, angular in the 
interior, and consequently more susceptible of decoration 
than the simple and solid structures of Smeaton, Rennie, 
and Stevenson. 

The Tour do Cordouan is further memorable as the first 
lighthouse in which a revolving light was ever exhibited. 
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CHAPTER in. 

Old Bridges. 

JLN a country such as Britain, full of running streams, 
bridges form an essential part of every system of roads 
connecting the various districts of the kingdom with each 
other. So long as the population was scanty and the 
intercourse between different parts of the country was of a 
limited character, the necessity for bridges, by which the 
continuity of the tracks was preserved, was probably little 
felt. The shallow and broad parts of rivers, provided 
Tvith a gravelly bottom, ^vere naturally selected as the 
places for fords, which could be easily waded by men or 
horses when the water was low ; and even in the worst 
case, when the waters were out, they could be crossed by 
swimming. 

Towns and villages sprang up at these fordable places, 
along the main lines of communication, the names of 
many of which survive to this day and indicate their 
origin. Thus, along the line of road between London and 
Dover, there was first Deep Ford, now Deptford, at the 
crossing of the Ravensboume — next Crayford on the river 
Cray — Dartford on the Darent — and Aylesford on the 
Medway, part of the pilgrim's road between the west of 
England and Becket's shrine at Canterbury. In all other 
directions round London it was the same. Thus, eastward, 
there was Stratford* on the Lea, Romford on the Bourne, 
and Chelmsford on the Chelmer. Westward were Brentford 



• There are numerous bridges 
fai England at places called Strat* 
ford or Stretford — literally the 



ford on the street or road, the 
ford being afterwards superseded 
by the bridge. 
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and Tw3''ford on the Brent, Watford on the Colne, and 
Oxenford or Oxford on the Isis.* And along the line of 
the Great North Koad, crossing as it did the large streams 
descending from the high, lands of the centre of England 
towards the North Sea, the fords were very numerous. 
At Hertford the Maran was crossed, at Bedford the Ouse, 
at Stamford the Welland, and so on through the northern 
counties of England. 

As population and travelling increased, the expedient 
of the Bridge was adopted, to enable rivers of moderate 
width to be crossed dryshod. An uprooted tree thrown 
across a narrow stream was probably the first bridge ; and 
he would probably be considered an ingenious man who laid 
down a couple of trees, fixed upon them a cross-planking, 
and thus enabled foot-passengers and pack-horses to cross 
from one bank to the other. But these loose timber 
structures were very apt to be swept away by the rains 
of autumn, and the continuous track would again become 
completely broken. In a rough district, where rocky 
streams with rugged banks had to be crossed, such inter- 
ruptions must necessarily have led to considerable in- 
convenience, and hence arose the idea of tying the rocky 
gorges together by means of stone bridges of a solid and 
permanent character. 

The first of such bridges in Britain were probably those 
erected across the streams of Dartmoor. The rivers of 
that district are rapid and turbulent in winter, and come 
sweeping down from the hills with great fury. The deep 
gorges worn by them in the rocks amidst which they run, 
prevented their being forded in the usual way ; and the 
ordinary expedient of bridging the* gaps in the track by 
means of felled trees thrown across, was found imprac- 
ticable in a district where no trees grew. But there was 



* Oxenford was the spot at 
which the Thames, then called 
the Isis, was most easily fordable 



for cattle. — H. Brandreth, Esq., in 
* Archseologia,' vol. xxvii. 97. 
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an abundance of granite blocks, wbicb not only afforded 
the means of forming solid piers, but were also of sufficient 
size to be laid in a tabular form from one pier to another, 
80 as to constitute a solid enough road for horsemen and 
foot-passengers. Hence the Egyptian-looking Cyclopean 
bridges of Dartmoor ; a series of structures — most probably 
coeval with the building of Stonehenge — of the greatest 
possible interest. 

One of the largest of these bridges is that crossing the 
East Dart, near Post Bridge, on the road between Moreton 
and Tavistock, of which a representation is given on the 
preceding page. Though the structure is rude, it is yet of 
a most durable character, otherwise it could not have with- 
stood the fury of the Dart for full twenty centuries, as it 
most probably has done. The bridge is of three piers, 
each consisting of six layers of granite-slabs above the 
foundation. One of the side piers, by accident or design, 
has imfortunately been displaced, and the tabular slabs 
originally placed upon it now lie in the bottom of the 
river. Each of the table stones is about fifteen feet long 
and six feet wide, the whole structure being held together 
merely by the weight of the blocks. 

There are other more perfect specimens of these Cyclo- 
pean bridges in existence on Dartmoor, but none of a size 
equal to that above delineated. For instance, there is one 
of three openings, in a very complete state, in the neigh- 
bourhood of Sittaford Tor, spanning the North Teign : it 
is twenty-seven feet long, with a roadway seven feet wide, 
and, like the others, is entirely formed of granite blocks. 
There is another over the Cowsic, near Two Bridges, pre- 
senting five openings : this bridge is thirty-seven feet long 
and four feet broad, but it is only about three feet and a 
half above the surface; nevertheless it has firmly with- 
stood the moorland torrents of centuries. There is a fourth 
on the Blackabrook, consisting of a single stone or clam. 
We believe that no structures resembling these bridges 
have been found in any other part of Britain, or even in 
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Brittany, ho celebrated for ite aboriginal remains. The 
only bridges at all approaclung them in character are 
found in Ancient Egypt, — to which, indeed, they bear a 
striking resemblance. 

Although the Koraana were great bridge-buildere, it is 
not cei-tain that they erected any arched stone bridges * 
during their occupation of England, though it is probable 
that they built numerous timber bridges upon stone piers. 
The most important were those of Eochest«r, Newcastle, 
and London. Not many years since, when a railway- 
bridge was being built across the Medway at Bocheater, 
the workmen came upon the foundations of the ancient 
work in a place where no such foundations were looked 
for, and their solidity caused oonsidorable interruption 
to the work. So at Newcastle, when the old bridge over 
the Tyne was taken down in 1771, the foundations of the 
piers, which were laid on piles of £ne black oak, in a 
perfect state of preservation, were found to be of Boman 
masonry. Similar bridges were erected at different point* 
along the lines of the Eoman military roads wherever a 
river had to be crossed ; and it is probable that the town 
of Pontefract (Pont fractua) derived its name from a broken 
Eoman bridge in that neighbourhood, the remains of which 
were visible in the time of Leland. 

It is not known when the English people began to build 
stone bridges, after the Roman bridges had become de- 
Tbe history of England was a blank for several 



• Mr. Wright IB, however, of 
opinioD tliat some of the BomiLn 
bridges ia England had arches ; 
and he says Mr. Roach Smith has 
pointed out a very fine Bemi-cir- 
cnlar arched bridge over the little 

the Whaife, about half-a-mile be- 
low Tftdoaster, on the Eoman road 
leading southward from that town 
(the ancient Calcaria), which he 



considered to be Koman. The 
masonry of this bridge is massive, 
and rem strltably well preserved: 
the atones are carefully squared 
and sharply out, and in some of 
them the mHaon'B mark, an B, is 
distinctly visible. The roadway 
was very narrow (' The Celt, the 
Koman and the Saion,' 2Qd Ed., 
p. 187.) 
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liundred years after the Romans left. We know next to 
nothing of the people who occupied the country ; we can 
only guess at the successive migrations of the foreigners 
who settled in it. The probability is, that at first they 
were, for the most part, barbarians, who neither built 
bridges nor repaired the roads which the Bomans had left 
behind them. Civilisation recommenced with the Church. 
The early Churchmen were not only the first people who 
could read and write English, but they were the principal 
agriculturists, gardeners, and masons. They were the 
first church-builders, as they were also, probably, the first 
bridge-builders. 

Thus, we hear of St. Swithin, Bishop of Winchester, 
building a bridge over the Itchin at that city in the ninth 
century. He planned the bridge, and caused it to be built 
at his own expense. As St. Swithin " had necessarily to 
go abroad upon spiritual matters, as ever, so in this in- 
stance, he cared for the common advantage of the citizens, 
and built a bridge of stone arches at the east gate of the 
city, a work which will not easily decay." * 

Bridges were also constructed, most probably through 
the influence of the Chigrchmen, at Lincoln, Durham, and 
other ecclesiastical cities. These early bridges were useful, 
but not graceful. They resembled a long, low series of 
culverts, hardly deserving the name of arches, with inter- 
vening piers of greater thickness than the span of the arch 
they were built to support. They were a sort of stone 
embankments perforated by a multitude of small openings 



♦ In the * Life of St. Swithin ' 
(Arundel MSS., B. M., 169), it is 
stated: — "Unde factum est, ut 
necessitate exigente de spirituali- 
bus ad forinseca exiens utilitati 
oommuni civium sicut semper et 
aliquando provideret, pontemque 
ad orientalem portam civitatis 
arcubus lapideis opere non leviter 
ruituro oonstrueret" 



The MS. is a *Life of St. 
Swithin ; * probably of the eleventh 
century. 

The Life of St. Swithin in 
the 'Acta Sanctorum* (eleventh 
century) ; the Metrical Life (thir- 
teenth century) ; and the Life in 
Caxton's Golden Legend, contain 
the above passage, or paraphrases 
of it. 
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to lot the water through. The piera had tbua very little 
more to Bupport than their own weight. Quantity was 
euhatituted for quality, and mass for elegance. 

An early bridge, which some allege to be the earliest 
arched stone bridge existing in England, is the singular- 
looking atnicture atill standing in the immediate neigh- 



CrorlaDfl Bridge. [From tlie'TupogriphisBrtlalinlM,'} 

bonrhood of Croyland Abbey, a few miles north of Peter- 
borough. It has been conjectured that the bridge, which 
is triangular, was erected out of the offerings of pilgrims 
to the dirine of St. Guthlac, the saint of the Fens, as an 
emblem of the Trinity.* The bridge stands on three 

• Tlie famoDs bridgo at Croy- I a trittogulur form, rising ■ from 
lend U the greatest ciuioBity in (biee segments of s oiicle. anil 
ItritBin. if not in Europe. It is of | meeting at a point at top. It 
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piers, from each of which springs the segment of a circular 

arch, all the segments meeting at a point in the centre. 

It is situated at the junction of the three principal streets 

of the little town, which was originally built on piles; 

and along those streets the waters of the Nene, the Wel- 

land, and the Catwater respectively, used to flow and 

meet under the bridge. Carrying out the Trinitarian 

illustration, each pier of the bridge was said to stand in a 

different county : one in Lincoln, the second in Cambridge, 

and the third in Northampton. The road over the bridge 

is so steep that horses can scarcely cross it, and they 

usually go under it; indeed the arches underneath are 

now quite dry. This curious structure is referred to in an 

ancient charter of the year 943, although the precise date 

of its erection is unknown. On the south-west wing, 

facing the London road, is a sitting figure, carved in stone, 

very much battered about the face by the mischievous 

boys of the place. The figure has a globe or orb in its 

hand. It is supposed to be a statue of King Ethelbald, 

though it is commonly spoken of in the village as Oliver 

Cromwell holding a penny loaf! 

The first ordinary road-bridge of which we have any 
authentic account is that erected at Stratford over the 
river Lea, several miles to the east of London. The road 
into Essex by the Old Ford across the Lea is noticed as 
early as the seventh century. It appears that the body of 
St. Erkenwald was stopped there by the flood, while being 
conveyed from the abbey of Barking, where he had died, 
for interment in London ; and the body of the Saint was 
only conveyed across the river by the intervention of a 



seems to have been built under vast sum, yet it is so steep in its 
the direction of the abbots, rather ascent and descent that ifeither 
to excite admiration and fumish ccuriages nor horsemen can get 
a pretence for granting indulgences over it. (^ History and Antiquities 
and collecting money, than for of Croyland Abbey.' Bibliotheca 
any real use ; for though it stands i Topographica Britannica, No. 11.) 
in a bog, and must have cost a I 
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miracle ! Many lives wen 
the Old Ford, and amongai 
drowning was Maud, Qu«eit 
of her attendants were dro 
self was, to uso Stowe'a ex; 
water." 

To prevent this great da 
directed two bridges 'to be b 
the Lea — one at Bow, the o 
by a gravel causeway ; and i 
and a mill to the abbess of ] 
and repair. The bridges w« 
the years 1100, when Maud 
year of her death ; and tht 
named "de Arcubus," or the 
form. Stowo says, "the brii 
arched like a bow ; a rare ; 
the like had never been seen 

Notwithstanding the am| 
and the additions made to 
their repair seems to have 
approaches were often founc 
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Bridge, as " a work of great neoeeaity for the paasage of 
victual unto the inhabitants ; " and in the reign of Eliza- 
beth we find a letter, signed by Burleigh, Lincoln, Sussex, 
and other Ixirds of the Privy Council, to the Corporation, 
acknowledging that each collection had been mode by the 
ftee-will of the citizens, and was not to be drawn into a 
precedent for compelling the citizens at any fature time to 
be at the cost of repairing tike said bridge.* 



Old BoK Bridge. [From '.he ' ArehwlsKt*.') 

Bow Bridge was unquestionably a structure of great 
utility; but though Stowe describes it as a rare piece of 
work, it possessed no great merit in an architectural point 
of view, as will be obvious from the above representa- 
tion. 
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bridge, like most of the early stmctnreB, had large 
ooupying a great part of the waterway, and sup- 
; smtjl and low-ardied openings, irith high battle- 
for the enclofiure of a roadway of the narrowest 
) dimeoBionB. The pietB were provided with large 
: projections, not only to di-vide the force of the 
, bnt to admit of spaces for foot-paeeengers to retire 
id thus avoid danger from carriages and horsemen 
passing along the narrow roadway. Indeed, ita 
i narrowness, notwithstanding the attempts made 
a it, eventually led to the removal of the bridge, 
I substitution of a new one of a single arch on the 
te some twenty years ago, 

great convenience of bridges gradually led to 
action along most of the piincipal routes through 
mtry. In the first place they superseded fords; 
len the art of bridge-building had become more 
3d, they superseded ferriea — always an incon- 
, and often a dangerona, method of crossing rapid 
Many towns were named because of the bridge 
in their neighbourhood. Thns Bristol is only a 
ion of Briegstow, the bridge-place, or the site 
the river Avon was crossed by a bridge. Hence 
idgenorth, Bridgewater, Brigg, and similar names 

bridge brought the inhabittuits of certain districts 
mediate connection with those on the opposite bank 
river flowing between them, and enabled them 
o hold intercourse and exchange produce with eac^ 
and the public advantages of this improved means 
naunication were found so great as to lead many 
ent and thoughtfol men, in those early days, to 
h large sums of money for the purpose of building 
intaining bridges, in like manner as public bone- 
in after times, left money to bnild and endow 
IS and hospitals. Yet popular tradition in some 
iittribntes these structures to a very different origin. 
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Thus the fine old bridge of three arches over the river 
Liine at Kirkby Lcnsdale, in Westmoreland, is said to 
have been the work of the devil.* 

We have said that the religions orders early took in 
hand the erection and maintenance of bridges, and we owe 
to them some of the finest structures still extant, many 
others having been superseded by modem works. An 
order called the Brothers of the Bridge was founded by 
St. Benezet, the builder of the noble bridge at Avignon 
early in the thirteenth century ; and the brethren spread 
into England, and went from one work to another, building 
bridges and chapels thereon, — the provision of a bridge- 
chantry characterizing nearly all their early structures in 
this country. Indeed, the architecture of the early bridges 
in many respects resembled that of the early cathedrals. 
From the point at which the piers rose above the level of 
the stream, ribs of stone usually spanned the openings 
from one pier to the other, precisely similar to the Gothic 
arching of cathedrals and vaults of chapter-houses ; and it 
is most probable that the bridges and cathedrals were built 
by the same class of workmen. 

One of the finest of such bridges was that erected bj*^ 
Abbot Bernard over the Trent at Burton, until recently 
the longest in England. It was 1545 feet in length, and 
consisted of thirty-four arches, built of squared free- 
stone, — a most useful and substantial structure. Another 
old bridge of the same period is that over the Wensum at 
Norwich, still called Bishop's Bridge, a singular-looking 
old building of patched-up stone and flint, erected in 1295. 
It consists of three arches, inside of which are some gro- 
tesque heads and remains of old ornamental work. Fairs 



* How this tradition oonld have 
origiaated does not appear. The 
bridge is very lofty, and of excel- 
lent workmanship. It consists of 
three semicircnlar ribbed arches, 
the centre one being much higher 



than the others. The roadway is, 
however, inconveniently narrow, 
like all the old bridges. It is 
evidently of the Norman period, 
and the erection of a very clever 
architect. 

E 2 
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used formerly to be held on it at Easter and Whitsnntide, 
as was the practice on several other old bridges. At Leeds 
the weekly cloth-market was held on the bridge at the foot 
of Briggate, some of the old arches of which are still to 
be seen; the clothiers being summoned to assemble by 
the ringing of a bell in the old bridge-chapel, when they 
exposed their cloth for sale on the parapets. But the 
bridge was so narrow, and the market caused so great 
an obstruction, that at length a special cloth-hall was 
built, to which the clothiers removed about the end of last 
century. 

The erection of Wade Bridge over the river Camel, in 
Cornwall, is an example of the origin of many of these 
stnictures in early times. The benevolent vicar of Eglo- 
shayle, lamenting the number of lives that were annually 
lost in crossing the ferry, determined to raise a fund 
sufficient to build a bridge ; and success crowned his eflforts. 
It was erected in 1485, and claimed the distinction, with 
Burton Bridge, of being the longest in England. It con- 
sisted of seventeen arches, and, though recently widened 
and repaired, stands firmly upon its foundations to the 
present day. The vicar must have been a man of great 
energy, for it is recorded of him that he designed the 
bridge and worked diligently upon it until it was finished.* 
At his death he left an endowment of 20Z. a-year towards 
its maintenance. 

Kochester Bridge was an important part of the great 
highway between London and the Continent, and a Roman 
timber roadway on stone piers formed part of the ancient 
Watling Street. The bridge long continued to be of timber, 
and we find Simon de Montfort burning it down in 1264. 
Twenty years later, having been repaired in the interval. 



* It is said he had great diffi- 
culty in securing foundations, 
owing to the sandy nature of the 
ground, until he had recourse to 
*' packs of wool." The same tradi- 



tion was handed down as to Lon- 
don Bridge. The meaning is, that 
the viccur raised the requisite money 
by means of a tax on wool. 
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it wais seriously damaged by the breaking up of the ice, 
the force of which, rushing down the Medway, carried 
away several of the piers. It was patched up jfrom time 
to time until the reign of Edward III., when the gallant 
Sir Kobert Knolles, who had raised himself by his valour 
from the rank of a private soldier to that of a commander 
in the royal army during the wars in France, returning to 
England, and determining to leave behind him some useful 
work by which his name should be held in kindly remem- 
brance by his countrymen, resolved upon the erection of 
an arched stone bridge over the Medway, and it was 
accordingly built at his charge and made over by him to 
the public. It was completed in the fifteenth year of the 
reign of Eichard 11., and was considered one of the finest 
"bridges at that time in England. It had eleven arches, 
resting on substantial piers, the foundations of which were 
blown up, not many years since, by the Royal Engineers, 
at a considerable expenditure of gunpowder.* A chapel 
■was afterwards erected by Sir John Cobham at its east 
end, where collections were made in the usual manner for 
maintaining the structure. But it appears that the moneys 
thus collected had been insufficient, and the bridge shortly 
fell into decay; for, about a century after its erection 
(in 1489), we find John Morton, Ajchbishop of Canterbury, 
adopting the extraordinary expedient of publishing a re- 
mission from purgatory for forty days, and from all manner 
of fines, to such persons as should give anything towards 
the repairs, as the bridge had by that time become very 
much broken. 

Bishop- Auckland Bridge over the Wear, and Newcastle 
Bridge over the Tyne, were similar structures, maintained 
bv the voluntary offerings collected by the priests who 



* The foundations seem to have 
been obtained in the then usual 
manner, by throwing loose rubble 
and chalk into the river, and sur- 
rounding the several heaps with 



huge starlings, which occupied a 
very large part of the water-way, 
and consequently presented a seri- 
ous obstruction to the navigation 
of the Medway 



S4 OLD BRIDGES. CtUP. lU, 

miniatered in the ohantries. The chapel was inTariably 

dedicated to eome patron saint. That on old London 
Bridge was dedicated to St. Thomas, on Bow Bridge to 
St. Catherine, and others were dedicated to St. Nicholas. 
the patron saint of Bailors. The chapels w€ire exceed- 
ingly pictoresqne objects, and were often highly decorated. 
They were erected over one of the piers, about the centre 



T. SutcllSo.] 

of the bridge, elongated for the purpose; and a brother 
stood at the door to receive the offerings of the passers-by 
towards the repairs of the bridge and the support of the 
services in the chantry. There was a chapel on a bridge 
in Droitwich, Worcestershire, through which the high 
turnpike-road passed until within a few years past ; and 
the congT^ation sitting on the one side of the King's way. 
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heard the preacher from his ptQpit on the other.* Nearly 
all these old bridge-chapels have perished, but a beautiful 
specimen has happily been preserved in the chantry on 
Wakefield Bridge, of which the preceding cut is a repre- 
sentation. 

This bridge is supposed to have been built by Edward 
Duke of York, afterwards Edward IV., in memory of his 
father and followers who feU at the battle of Wakefield 
during the wars of the Roses. It was richly endowed, 
that prayers might be oflfered up there for the soids of the 
slain, and especially of poor little Butland. However this 
may be, the bridge chantry at Wakefield, which has re- 
cently been renovated in excellent taste, and is still used 
for evening service, is one of the most beautiful and inte- 
resting of these ancient structures. The entrance to the 
chapel is directly from the roadway, and it stands upon an 
elongated pier obviously erected for the purpose, and form- 
ing part of the original structure. The bridge itself has 
undergone many changes, in order to adapt it to the im- 
proved modes of travelling. When chaises, stage-coaches 
and waggons came into general use, the old erections were 
found altogether inadequate for the traffic. They were 
very narrow,t and often very steep ; and though they had 
been well enough adapted for the foot-passenger, the horse 
man, and the pack-horse convoy, many of them did not 
admit of sufficient width for the convenient passage of 
wheeled vehicles. The picturesque gateways at the ends 
of old bridges — such as existed over the Ouse at York and 
the Monnow at Monmouth, as shown in the next cut — 
were also found to be a great obstacle to stage-coach 



♦ Sir J. Ctdlmn's 'History of 
Hawsted.' 

f De Qiiincey, in his * Autobio- 
graphic Sketches,' says he has 
known of a case, even in the nine- 
teenth century, where a post- 
chaise of the common narrow di- 
mensions was obliged to retrace 



its route for fourteen miles on 
coming to a bridge in Cumberland 
built in some remote age when 
as yet post.-chaises were neither 
known nor anticipated, and, un 
fortunately, too narrow by three or 
four inches to enable the vehicle 
to pass. 
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did not admit of the 
to the outside paHson- 
jraeticable to turn the 
thoTonghfaTe another 
way, they were shortly 
demolished. The 
hridgee themselves 
were widened and en- 
larged ; and though in 
many cases, as at 
Wakefield, the old 
piers were included in 
the new work, the 
original picturesque 
character of the bridge 
was in a great measure 
destroyed. 

Notwithstanding the 
iucreased necessity for 
such structures, the 
art of bridge-building 
seems to have fallen 
into decay and become 
niddle of last century ; 
of the Brothers of the 
I their foundations, as 
ridges of more modem 
ept away by the next 

dations was the clumsy 
icuously into the bed of 
aring, and then, on the 
ework of the starlings 
up on the foundations 
re constantly liable, as 
titled, undermined, and 
he river. 
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No architect of eminence devoted himself to bridge- 
building ; and although Inigo Jonea furnished the deeign 
for the bridge of Llanrwst, over the Conway in Wales, in 
1634, it was a work of a comparatively unimportant cha- 
racter, and the only one of the kind on which he seema to 
have been employed. In the plan of this bridge the pointed 
arch is no longer adopted, but three segmental arches, the 
middle of ■which is of the span of fifty-eight feet. The road- 
way approached the horizontal line, and was of sufGcient 
breadth to accommodate carriage traffic. On the whole, 
the design was of a very modem character, and was pro- 
bably adopted, to a considerable extent, as a model by 
succeeding bridge-boildera. • 



The work, however, seems to have been so badly done, 
that it was shortly after found necessary to rebuild one of 
the arches ; and to this day the bridge is known as " the 
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Qg bridge," • as it does not stand very firmly on its 
ations. The people of tiie locality consider this a merit, 
«rtain]y is a curiosity, and they attribute the shaking 
3 bridge to the " veiy nice principles on which it is 
" But that the bridge should shake or rock could 
formed no part of Inigo Jonea'a design, and that it 
B at all must be attributable mainly to the fact of its 
ation being upon a rock, which cannot be undermined 
rashed away. 



touriet id Noith Wales a ehake.' On inquiry I found that 

-" While staading on the the bridge will strongl; Tlbrate 

, admitiag the beautiful by a person striking hie back for- 

r, two or three men come oibly against the paj-apet of the 

Bked in broken Engliih centre arch." (Parry's ' Cambrian 

ler I would tike to have Mirror,' p. 131.) 
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Old London Bridge. 

The erection of the old stone bridge across the Thames at 
Ljondon, was the most formidable enterprise of the kind 
xmdertaken in England during the Middle Ages. It was a 
work of great magnitude and difficulty, in consequence of 
the rapid rise and fall of the tides in the river, but it w€U9 
one of essential importance as connecting the fertile dis- 
tricts lying to the south of the Thames, directly with the 
population of the metropolis. 

As in all similar cases}, the ferry (where the river could 
not be forded) preceded the bridge. The Eomans first 
established a trajectus on the Thames, thus connecting their 
station in London with their military road to Dover. Dion 
Cassius makes mention of a bridge over the Thames at the 
time of the expedition of the Emperor Claudius in a.d. 44. 
It may have been of boats, or it may have been constructed 
on piles, for the Eomans frequently constructed bridges of 
this sort in order to maintain their communications. 

After the departure of the Eomans the bridge ceased to 
exist, and the Saxons continued to pass across from one 
side of the river to the other by means of a ferry. The 
name of one of the masters of the ancient ferry has de- 
scended to us in a tradition of a singular character.* This 



* The tradition is, that John 
Overy rented the ferry of the 
City, and what with hard work, 
great gains, and penurious living, 
he became exceedingly rich. His 
daughter Mary, beautiful and of a 
pious disposition, was sought in 
marriage by a young gallant, who 



was rather more ambitious of being 
the ferryman's heir than his son- 
in-law. It is related that the 
ferryman, in one of his fits of 
usury, formed a scheme of feign- 
ing himself dead for twenty-four 
hours, in the expectation that his 
servants would, out of propriety 
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was Jolin Oveiy, the father of the foundress of St. Mary'B 
church in Southwark. The property in the ferry, with, 
its revenues, having become the possession of the adjoining 
college of priests of St. Mary's, they determined on the 
bold enterprise of erecting a bridge of timber across the 
river. The fii*st mention of this structure is contained in 
the laws 6f Ethelred, where the tolls of vessels coming to 
Billingsgate ad pontem are fixed and defined. William of 
Malmesbury states that, in 994, Sweyn, the Danish king, 
when sailing up the river to the attack of London, ran foul 
of the bridge with his ships, and in the contest which 
subsequently ensued between the Londoners on the north 
and the Danes on the south of the river, the bridge was 
destroyed. 

It seems, however, to have been repaired by the time that 
Canute sailed up the Thames with his fleet several years 
later ; for, finding the bridge to be an obstacle in his way, 
he adopted the bold expedient of cutting a wide ditch or 
canal from near Dockhead, at Kedriff, through the marshes 
on the south side of the river, westward to the lower end 
of Chelsea Eeach, through which he drew his ships and 
completed the blockade of the city. Not long after, in 
1091, the timber-bridge was entirely swept away by a 
flood; but the provision of so great a convenience was 
found indispensable, and William Kufus levied a heavy tax 
for its rebuilding. 



fast until after his funeraL He 
was accordingly laid oat as dead, 
his daughter consenting to the 
plan, against her better judgment. 
The servants, instead of jesting 
as the ferryman had anticipated, 
broke open the larder and fell to 
banqueting, until the dead man 
could bear it no longer, but rose 
up in his winding-sheet to rate 
them. At this, one of the ferry- 
men, thinking it was the devil 
who stood before them, seized the 



butt-end of a broken oar and 
brained John Overy on the spot. 
Mary Overy's gallant, hearing of 
the news, rode up to town in all 
haste from tKe country; but his 
horse stumbling, he was thrown, 
and " brake his neck." On which, 
Mary Overy is said to have 
founded the church which still 
bears her name, and made over 
her possessions to the college of 
priests which was there and then 
established. 
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Again, in 1097, a new timber-bridge rose upon the ruins 
of the old one ; but fifty years later we find it destroyed by 
a fiire which broke out in a tenement near London Stone, 
and burnt down all the houses eastward as far as Aldgate, 
and from thence to the south bank of the river, including 
the Bridge. It was again patched up ; but it was found 
so costly to maintain the wooden structure, and it ran 
so much risk from fire and floods, that it was eventually 
determined to build a bridge of stone upon nearly the same 
site ; and the work was accordingly begun by one Peter, 
the chaplain of St. Mary's, Colechurch, in the Poultry, in 
the year 1176. 

One of the most important considerations in building a 
bridge across a deep and rapid river is the security of its 
foundations. Comparatively few of the older bridges failed 
from the unskilful construction of their arches, but many 
were undermined and carried away by floods where the 
foundation of the piers was insecure. The period at which 
Old London Bridge was built is so remote, and the records 
left of the mode of conducting the work are so meagre, that 
it is impossible, even were it desirable, to give any detailed 
account of the building. Some writers have supposed that 
the whole course of the river was diverted in the line of 
Canute's canal above referred to, and that the bed of the 
Thames was thus laid dry to enable the foundations of the 
piers to be got in.* This expedient has frequently been 
adopted in building bridges across streams of moderate 
size ; but it is scarcely probable that it was employed in 
this case. When the foundations of the old bridge were 
taken up, it was ascertained that strong elm piles had been 
driven deep into the bed of the river as closely as possible, 
and large blocks of stone were cast into the interior spaces. 



* Stowe was of this opinion. 
See his * Survey.' See also Dr. 
Wallis to Pepys, Oct. 24th, 1699, 
* Pepys's Diary/ v. 375. For much 
antiquarian information on this 



and all other points relating to the 
structure, see Thompson's * Chro- 
nicles of Old London Bridge, a 
singularly curious book. 
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Long planks, strongly bolted, were placed over the piles, 
and on these the bases of the pierB were laid, the lowermost 
being bedded in pitch, whilst outside of all was placed the 
pLle-work, called starlings, for the purpose of breaking the 
rush of the water and protecting the foundation piles. 

Another etatement was long cnrrent — that London 
Bridge was built on wool-packs — arising from the circnm- 
stance that a tax was levied by the Eing upon wool, skins, 
and leather, passing over the bridge, towards defraying the 
cost of its construction. The bridge was in a measure re- 
garded as a national work, and for more than two cen- 
turies after its erection, tribute continued to be levied upon 
the inhabitants of the counties aeareat the metropolis for 
its maintenance and repair. Liberal gifts and donations 
were also made with the same object, until at length the 
Bridge Estates yielded a large annual income. 



Not less than thirty-three years were occupied in the 
erection of tbia important structure. It was begun in the 
reign of Henry II., carried on during that of Eichstrd I., 
and finished in the eleventh year of £ing John, 1209. 
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Before then, however, the aged priest, its architect, died, 
and he was buried in the crypt of the chapel which had by 
that time been erected over the centre pier. At his death 
another priest, a Frenchman, called Isenbert, who had dis- 
played much skill in constructing the bridges at Saintes 
and Bochelle, was recommended by the King as his suc- 
cessor. But his appointment was not confirmed by the 
Mayor and citizens of London, who deputed three of their 
own body to superintend the finishing of the work — ^the 
chief difficulties connected with which had indeed already 
been surmounted. 

The bridge, when finished, was a remarkable and curious 
work. That it possessed the elements of stability and 
strength was sufficiently proved by the fact that upon it 
the traffic of London was safely borne across the river for 
more than six hundred years. But it was an unsightly 
mass of masonry, so far as the bridge was concerned; 
although the overhanging buildings, extending along both 
sides of the roadway, the chapel on the centre pier, and 
the adjoining drawbridge, served to give it an exceedingly 
picturesque appearance. One of the houses adjoining the 
drawbridge was dignified with the name of Nonsuch 
House : it was said to have been constructed in Holland 
and brought over in pieces, when it was set up without 
mortar or iron, being heli together solely by wooden pegs. 

The piers of the bridge were so close, and the arches so 
low, that at high water they resembled a long low series of 
culverts hardly deserving the name of arches. The piers 
were of various dimensions, in some cases almost as thick 
as the spans of the arches which they supported were wide. 
The structure might be compared to a very strong stone 
embankment built across the river, perforated by a number 
of small openings, through which the water rushed with 
tremendous force as the tide was rising or falling, the 
power thus produced being at a later period economised 
and employed in some of the arches to work water-engines. 
The bridge had not less than twenty arches, including the 
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Tidge, some of them being too narrow to admit of the 
;e of boats of any kind. 

s great obstruction of the stream, at a point where 
rer ie about the aarroweat, had the effect of producing 
m of cataractB at the rise and fall of each tide, so that 
s-aa called " the roar of the bridge " was heard a long 
ff. The feat of " shooting the bridge " was in those 
attended with considerable danger, and lives were 
ntly lost in the attempt. Hence prudent passengers, 
xik a boat for down river, usually landed above the 
I and walked to the nearest wharf below, where they 
embarked. The more venturous risked "shooting 
idge," and thus boats were frequently swamped and 
laasengers drowned. In 1428 John Mowbray, second 
af Norfolk, when paasing under one of the ardiee, ran 
at upon the pile- work, and had very nearly periehed ; 
itping on to one of the starlings, he was then hauled 
the bridge by ropes let down to him for the purpose. 
Bk attending this operation of shooting the bridge 
□B the old proverb, that " London Bridge was made 
semen to go over, and fools to go under." 
laps the most singular feature of the old bridge was 
per platform, consisting of two rows of houses with 
'ow roadway between, the chapel and drawbridge, 
le turroted battlements at either end. The length 
roadway was 926 feet, and from end to end it was 
ad by the lofty timber-houses, which were held to- 
by arches crossing overhead from one range to the 
tnd thus keeping the whole in position. The street 
irrow, dark, and dangerous. There were only three 
igs between the houses on either side, provided witb 
rades, from which a view of the river and its shipping 
be obtained, as well as of the rear of the houses 
ilves, which overhung the parapets and completely 
6 arches from sight. 

the centre pier was the chapel with its tower, and at 
dfl of the bridge wore the gatehouses, on which the 
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glim heads of traitors and on fortunate partisans wem 
stnck upon poles until a comparatively recent period. 
Hentzner, a German traveller, counted above thirty heads 
displayed upon them as late as the year 1598. 

The drawbridge was another curious feature. It occu- 
pied the fourteeath arch &om the north eud, and provided 
an opening of about thirty feet. It was used for purposes 
of defence as well as to provide for the passage of masted 
ahips. When Jack Cade was told of the army marching 
against him, Shakespeare makes him say, " Let's go fight 
with them ; but first go and set London Bridge on fire." 
But Cade's project having failed, hia head was taken oif 
and placed upon a pole, amongst those of other traitors, 
over the southern gatehouse, with his face looking towards 
Kent. 



The bridge was also used as a place of public punish- 
ment. Persons found guilty of practising witchcraft were 
compelled to do penance there. No less a personage than 
Eleanor Cobham, Duchess of Gloucester, was espoaed upon 
the bridge in 1440, for the alleged crime of witchcraft. 

The bridge had a long history and many vicissitudee. 
It had scarcely been completed ere the timber-houses upon 
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it were consumed by a fire, and the bridge was thus at 
once stripped of its cumbrous load. But, as the revenues 
required for its maintenance and repair were in a great 
measure derived from the rental of the houses, which let 
for high sums, they were shortly after erected in even 
more cumbersome forms than before, and were for a long 
time principally inhabited by pin- and needle-makers. 

At a very early period the bridge showed signs of weak 
ness. Before it had stood a hundred years, a patent was 
issued by Edward I., authorising its speedy repair, in order 
" to prevent its sudden fall and the destruction of innu- 
merable people dwelling thereon." Tolls were authorised 
to be taken — for every man crossing, a farthing ; for every 
horseman, a penny ; for every pack carried on a horse, one 
half-penny. There was not a word of vehicles, which did 
not as yet exist. The repairs done to the structure do not 
seem to have been of much effect ; for in 1281 five of the 
arches, with the buildings over them, were carried away 
by a flood following a thaw, and the repairs had to be 
begun again on a more extensive scale than before. At a 
subsequent period Stowe's gate, tower, and arches, at the 
Southwark side, fell into the river. 

After repeated patching, the bridge nevertheless con- 
tinued to hang together for several centuries longer. It 
witnessed the processions of priests, the jousting of knights, 
the march of Kentish rebels, the triumphal march of 
Henry V. into the City after the battle of Agincourt, the 
funeral procession of the same monarch when borne to his 
royal tomb in Westminster Abbey, and the entrance to 
the metropolis of his successor after being crowned King 
of France at Notre Dame. Generation after generation of 
toiling men and women passed over the bridge, wearing 
its tracks deep with their feet, and sometimes moistening 
them with their tears. .Still the old bridge stood on, 
almost down to our own day ; for we shall find in the 
lives of Smeaton and Eennie, that these eminent engineers, 
amongst others, were called upon from time to time to 
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direct its repair ; until at last the old structure, which 
had served its purpose so long, was condemned and taken 
down, and the magnificent New London Bridge was 
erected in its stead. 

It was long before any second bridge was built over the 
Thames near London. The advantages derived from the 
current of traffic passing through the City from a district 
extending for fifty or sixty miles on all sides of London, 
were felt to be of such importance that the citizens would 
not readily part with them. Bridges were regarded as 
the best feeders of towns and cities, and wherever one 
was erected, all the avenues by which it was approached 
became speedily converted into streets of valuable houses. 
At the two ends of the Thames Bridge were London and 
Southwark ; at Tyne Bridge, Newcastle and Gateshead ; 
and at the Medway Bridge, Eochester and Strood. But 
London was extending westward with such rapid strides, 
and the population of Westminster as well as Lambeth 
had so much increased, that the provision of an additional 
bridge for those districts came to be regarded as a matter 
of absolute necessity. 

An attempt was made with this object in the reign of 
Charles 11. , but the project was vigorously resisted by 
the citizens of London. They waited upon his Majesty 
in state, and implored him to oppose the measure; and, 
on his compliance with the petition, their expression of 
gratitude towards him was as great as if he had delivered 
the City from, a famine, or a plague, or a great fire, or 
some such overwhelming calamity. It is not improbable 
that the citizens secured his Majesty's support by the 
oifer of money, which he very much wanted at the time ; 
for we find from the records of the Common Council, 
of date the 25th October, 1664, that upon advancing by 
way of loan, the sum of 100,000Z. to Charles 11., the 
citizens took occasion to thank his Majesty in the follow- 
ing terms for preventing the erection of the new bridge at 
Westminster : — 

F 2 
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" And withal to represent unto his Majesty the City's 
great sense and apprehension of, and most humble thanks 
for, the great instance of his Majesty's good and favour 
towards them expressed in preventing of the new bridge 
proposed to be built over the river of Thames betwixt 
Lambeth and Westminster, which, as is conceived, would 
have been of dangerous consequence to the state of this 
city."* 

A few years later, in 1671, a similar project was 
attempted, and a bill was brought into the House of 
Commons to enable a bridge to be erected over the Thames 
as far west as Putney. But the Corporation of London 
was again up in arms, protesting against the establishment 
of any bridge which should enable the traffic to pass from 
one side of the river to the other without going through 
the City. The debate on the subject is exceedingly 
curious, as read by the light of the present day. Mr. Love 
declared the opinion of the Lord Mayor to be, " that if 
carts were to go over the proposed new bridge, London 
would he destroyed," Sir William Thompson opposed it 
because it " would make the skirts of London too big for 
the body," besides producing sands and shelves in the river, 
and affecting the below-bridge navigation, which would 
cause the ships to lie as low down as Woolwich; whilst 
Mr. Boscawen opposed the bill, because, if conceded, there 
might be a claim set up for even a third bridge, at Lambeth, 
or some oth^r point.f The bill was thrown out on these 
grounds by a majority of 67 to 54; and for nearly a 
hundred years more, London had no second bridge, not- 
withstanding that the old structure was so narrow that 
there was not room on it for two carts to pass each other ! 
Since that time, however, twelve bridges have been thrown 
across the river between Putney and the City, and London 



* * City of London Keoords,* 
jor. 45, 423. 

t * Debates of the House of 



Commons, from the Year 1667 to 
1694.' Collected by the Hon. A. 
Grey. London, 1769. 
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is not yet destroyed I Indeed the cry still is for more 
bridges. 

The second bridge was built in 1738-50, neariy opposite 
the palace of Westminster. During the many centuries 
that had elapsed since old London Bridge had been erected, 
the science of bridge-building had made but little progress 
in England. The principal structures were of wood. 
Trees, merely squared, were laid side by side, at right 
angles with the stream, supported on perpendicular piles, 
the roadway being planked over and covered with gravel. 
Old Batters^ Bridge was an example of the primitive 
structures by means of which many of our wide rivers 
long continued to be crossed. Few were built of stone 
and these, of a comparatively rude kind, were principally 
situated upon the main lines of road; but they were 
usually liable to be swept away by the first heavy flood. 
During the period referred to, however, the science of 
construction had made great progress in France, and from 
the practice of French engineers our best models continued 
for some time longer to be drawn. Hence, when the 
sanction of Parliament was at length obtained for a second 
bridge to be built across the Thames, Labelye, the French 
engineer, a native of Switzerland, was employed to design 
and execute the work. 

It will have been observed that the chief difficulty with 
the early bridge-builders was, in securing proper founda- 
tions for their piers. A common practice was to sink 
baskets of small dimensions, full of stones, in the bed of 
the river, and on these, when raised above water, the 
foundations were laid. But where the bottom was com- 
posed of loose, shifting material, such as sand, it will be 
obvious that a firm basis could scarcely be secured by such 
a method. The plan adopted by Labelye, though con- 
sidered an improvement at the time, was even inferior to 
the method employed by Peter of Colchurch in founding 
the piers of old London Bridge in the thirteenth century. 
For, clumsy though the latter structure was, it stood more 
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than six hundred years, whilst Westminster Bridge had 
not been erected a century before it exhibited signs of 
giving way ; and it is already destroyed. 

Labelye's method of founding his piers was as follows. 
He had a sufficient number of large caissons, or water- 
tight chests, prepared on shore, of such form as to fit close 
alongside of each other. They were then floated on rafts 
over the spots destined for the piers, where they were 
permanently sunk. The top of each caisson, when sunk, 
being above high-water mark, the masonry was commenced 
within it, and carried up to a level with the stream, when 
the timber sides were removed and the pier was left resting 
firmly on the bottom grating. The foundations were then 
protected by sheet-piling, that is by a row of timbers 
driven firmly side by side into the earth all round the piers. 

Westminster Bridge was originally intended for a 
wooden bridge, but the design was subsequently altered to 
one of stone, Labelye considering it necessary to have a 
great weight of masonry in order to keep his caissons at 
the proper level. To add to this weight, the engineer 
added a lofty parapet, which Grrosley a French traveller, 
gravely asserted was placed there for the purpose of pre- 
venting the Londoners from committing suicide ! 

Not many years after Westminster Bridge had been 
opened, the London Common Council, in order to facilitate 
the passage of traffic across the Thames as near to the 
centre of the City as possible, applied to Parliament for 
powers to construct a bridge at Blackfriars; and the 
requisite Act having been passed, the works were com- 
menced in 1760, and finished in 1769. The architect and 
engineer of Blackfriars Bridge was Eobert Mylne ; and a 
noble piece of masonry it was. The principal new feature 
in this structure was the elliptical arch,* which Mr. Mylne 
was the first to introduce into England. 



* The disadvantage of the semi- 
oircular aroh was that, though 



self-contained, it necessarily led to 
a great rise in the road over the 
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The innovation gave rise to a lively controversy at the 
time, in which Dr. Johnson took part, — in opposition to 
Mr. Mylne, and in support of his friend Gwyn, who was 
the designer of a rival plan. Boswell, in his *Life of 
Johnson,' defends the design of Mylne, and adds, "it is 
well known that not only has Blackfriars Bridge never 
sunk either in its foundation or in its arches, which were 
so much the subject of contest, but any injuries which 
it has suifered from the eflfects of severe frosts, have been 
already, in some measure, repaired -with sounder stone, and 
every necessary renewal can be completed at a moderate 
expense." 

This was written in 1791, only twenty years after the 
bridge had been opened ; and, though it may have been 
true then, it is so no longer. When the numerous heavy 
piers of old London Bridge — ^which acted as a dam across 
the river — had been removed, the low-water mark above- 
bridge fell five feet. The velocity of the unimpeded tide, 
sweeping up and down the Thames twice in every twenty- 
four hours, and the consequent increased scour along the 
bed of the river, soon began to grind away the foundations 
both of Blackfriars and Westminster Bridges; and they 
exhibited the unsightly appearance of numerous props 
and centerings to prevent the further subsidence of their 
foundations. Hence Labelye's bridge at Westminster, 
and Mylne's bridge at Blackfriars, have since been pulled 
down, in order to make room for ^wer bridges. 

Kobert Mylne, the engineer above referred to, was the 
descendant of a long line of Scotch masons and architects. 



bridge, which was thus steep at 
both sides. By means of the flat 
elliptical arch this disadvantage 
was obviated, and more water-way 
was afforded with less rise in the 
bridge. But greater science was 
required to construct bridges of 
thiis sort, as the strength mainly 
depended upon the abutments, 



which bore the lateral pressure. 
When the span was extensive, 
and the arches of considerable 
flatness, the greatest care was also 
required in the selection of the 
stone, which must necessarily be 
capable of resisting the severosft 
compression. 
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The originator of the family was an Aberdeen man, who 
erected some of the principal churches and towers in that 
city, some three hundred years ago. His son was master 
mason to James VI. ; he built a bridge over the Tay at 
Perth, which was swept away by a spate ; and executed 
many other works, which were more successful. His son, 
and son's son, were also master masons. The latter 
rebuilt the cross at Perth, which had been destroyed in 
Oliver Cromwell's time for the purpose of building the 
Citadel. The cross has since been demolished as a hin- 
drance to traffic. 

Eobert Mylne, the architect who built Blackfriars 
Bridge, was lineally descended from the master mason of 
James VI. In his youthhood he travelled abroad, and 
joined the Academy of St. Luke at Eome. He remained 
there five years, and received the chief prize in the 
highest class of architecture. After the building of 
Blackfriars Bridge, he was appointed surveyor of St. Paul's 
Cathedral ; and at his death he was buried by the side of 
Sir Christopher Wren. 

Mr. Mylne also held the office of engineer to the New 
River Company, in which he was succeeded by his son» 
and afterwards by his " son's son." 
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CHAPTEE V. 

William Edwards, Bridge Builder. 

The difficTilties encountered by the early bridge bnilders 
cannot be better illustrated than by a brief history of the 
life of William Edwards, architect of Pont-y-Prydd — a 
remarkable work erected at Newbridge, in South Wales, 
about the middle of last century. 

Edwards was bom in 1719, in a small farmhouse in 
the parish of Eglwysilan, in Glamorganshire. His father 
died when William was only two years old; but his 
mother, who was an industrious, well-doing woman, kept 
on the farm, and piously and virtuously brought up her 
family. William's literary culture was confined to Welsh, 
which he could read and write from his early youth ; but 
as he grew older he also learnt to read and write English, 
though more imperfectly. He had the character of being 
obstinate, stubborn, and self-willed in his boyhood, — 
qualities which, under the guidance of virtue and piety, 
became developed into inflexible courage and resolution 
in his manhood. Until eighteen years of age he was 
regarded as a wild, headstrong fellow, with little promise 
of good in him ; but he was gradually tamed and disci- 
plined by hard work, and as he grew older he became 
thoughtful and sedate even beyond his years. 

Edwards's first ordinary employment was common farm- 
work; but at the same time he was a diligent self-edu- 
cator, taking lessons in arithmetic from a neighbour in the 
evenings. It happened that, in the ordinary course of 
aflfairs, he had occasion to repair the dry-stone walls about 
the farm. He took particular pleasure in this kind ol 
work, and very soon became remarkably handy at it ; but 
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lie always loisgtjd to do better. Some maaone having 
come into the neighbourliood to build a smithy, EdwardM 



Diild ocoaaionally leave hie farm-work and take hia atanti 
. the field where the musona were employed, eugerly 
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watching them while they worked. He admirod the way 
in which they handled their tools and prepared the 
stones for the building. One thing that he particularly 
noted was the way in which they dressed the rough 
blocks by means of the pointed end of the mason's 
hammer. He tried to do the same, but failed, his hammer- 
point not being steeled. He then inquired and ascertained 
the cause of his failure, and went to a smith and had a 
steeled point added to his hammer. With this he suc- 
ceeded in dressing his stones much more neatly and 
quickly than he had been able to do before. 

Practice and application, and the desire to excel, even 
in dry-stone wall building, inevitably carry a man onward ; 
and Edwards soon became so expert in this sort of work, 
that he was extensively employed in repairing and build- 
ing dry-stone walls for the neighbouring farmers. His 
walls were observed to be so neat, so firm, and so service- 
able, that he was everywhere in request, and his earnings 
were regularly added to the common stock of his mother 
and brothers, who carried on the business of the farm. 
He began to consider himself fitted for something better 
than continuing this rough sort of work ; and he thought 
that, instead of being a mere builder of dry-stone walls, 
he might even undertake to become a builder of houses. 

An opportunity occurred of erecting a little workshop 
for a neighbour, and Edwards acquitted himself so well, 
that he gained much praise for his skill. Thus proving 
his ability in small things, he was shortly entrusted with 
the execution of works of greater importance. He had 
scarcely reached the age of twenty-one when he was 
employed to build an iron forge at Cardifif, and while 
carrying on the work he lodged with a blind man, named 
Rosser, by trade a baker. Eosser knew the English 
language, which as yet Edwards did not ; and, what was 
more, the blind man could teach it to others. The young 
mason determined to take lessons of his landlord; and 
such was his assiduity and perseverance during his leisoro 
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hoars, that he very Bhortly contrived to master the new 
language. 

When he had completed his contract, which he did to 
the entire satisfaction of hia employers, he regularly 
entered upon the hnsineBS of a house-builder on a consider- 
able scale, and very shortly there was not a building of 
any magnitude or importance in the neighbourhood — 
whether it were a manBion, a mill, or an iron forge — which 
he was not willing as well as competent to uodertake. 

Daring his leisure he took great pleaemti in studying the 
ruins of Caerphilly Oastle, near to whero he livedo This 



Rslm of Curiitilllj Cutle. 

oaetle was once the largest in the kingtldm, next to 
Windsor, and its ruins are still of great extent, covering 
an area of about thirty acres. Its walls are of prodigious 
thickcees, and its leaning tower has stood for centuries, 
inclining as much as eleven feet out of the perpendicular, 
h(.ld together principally by the strength of its cement. 
fiis old castle was the collie in which Edwards studied 
the principles of masonry ; and he himself was accostomed 
to say that he had derived more advantage from wandering 
about the ruins, observing the methods adopted by tha 
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ancient builders, the manner in wMch they had hewed 
dressed, and set their stones, than from all the other in- 
struction he received. It was while employed in erecting 
a mill in his own parish that he first applied the know- 
ledge he had gained by studying the ruins of Caerphilly, 
in the construction of an arch. The mill was finished to 
admiration, and professional builders pronounced Edwards's 
arch to be an excelleilt piece of masonry. 

Employment now flowed in upon him, and when any 
work of more than ordinary difficulty was proposed, ap- 
plication was usually made to William Edwards. Hence, 
in 1746, when it was proposed to throw a bridge over the 
river Taff, he was employed to build it; and though he 
was only twenty-seven years old, and had not yet built 
any bridge, he had the courage at once to undertake the 
work. The bridge was built of three arches, in a style 
superiof to anything of the kind that had been erected in 
the neighbourhood; the stones were excellently dressed 
and closely jointed*; the arches were light and elegant, 
and supposed to be sufficiently substantial for the duty 
they had to perform, and as a whole the erection was 
much admired, and greatly added to the fame of its 
builder. 

It would appear, however, that Edwards had not suffi- 
ciently provided for the passage of the floods, which in 
certain seasons rush down from the Brecknock Beacon 
mountains with great impetuosity. Above Newbridge 
several rivers of considerable capacity, such as the Crue, 
the Bargold TaflF, and the Cynon, besides numberless 
brooks descending rapidly from the high grounds, con- 
tribute to swell the torrent so as to render it almost irre- 
sistible. The piers of Edwards's new bridge unfortunately 
proved a serious obstruction in the way of a heavy flood 
which swept down the valley about two years and a half 
after the bridge had been completed. Trees were torn up 
by the roots and carried down the stream, lodging athwart 
the piers, where brushwood, haystacks and field-gates. 



73 WILLIAM EDWARDS. Chap. V. 

becoming £rmly stuck amongst their braiicheB, choked tip 
their arches and fairly dammed the torrent. The waters 
rapidly accumulated above the bridge and rose to the para- 
pets ; the aides of the valley being steep, left no room for 
their escape, and the tremendous force finally swept away 
arches and piere together, carrying the materials far down 
the river. 

This destruction of his first bridge was doubtless a 
terrible blow to the builder, who was bound in sureties to 
maintain it for a period of seven years. But worse even 
than the loss of his time and labour was the failure of his 
dfisioTi. the most distressing of all things to the man who 
proper pride in his calling. He resolved, how- 
fulfil has contract, and began the building of a 
ridge of only one arch, to avoid the defect which 
red the ruin of the first. 

second bridge, without piers, was a much more 
work than the first, in consequence of the wide 
the areh, which was not less than 140 feet, the 
of a circle of 170 feet in diameter. No such ex- 
apau had yet been attempted in England; and 
liio Continent, where the scienoe of bridge-build- 
much better understood, the only bridges of larger 
re of ancient construction, chiefly Eoman. Michael 
I beautiful bridge of the Bialto, at Venice, was 
3flt span attempted in modem times, and its width 
! about 100 feet. 

»ult of Edwards's daring experiment proved its 
difficulty. He succeeded in finishing the arch, 
not added the parapets, when the tremendous 
of the masonry over the haunches forced them 
le light crown of the bridge sprang up, the key 
ere forced out, and a second time the labour of 
J was lost, and his masonry lay a ruin at the 
of the river. Yet not altogether lost : for by 
le learnt experience, dearly bought though It had 
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The undaunted man determined to try again. Twice he 
had failed, yet he was not utterly defeated in his resources. 
He would try a new expedient, and he believed he should 
eventually aucceed. Fortunately his friends believed in 
liira loo. for they generouBly came forward and helped hiui 



Pont-y-Piydd. [By TrrdviJ Stolluii.] 

with the means of building his third bridge, which proved 
a complete euccesB. The courage and ekill of Edwards 
were crowned at laat. 

The plan which he adopted of more equally balancing 
the work and relieving the severe thruat upon the 
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haunches, was to introduce three eylindrical holes or tun- 
nels in the masonry at those parts of the bridge. The same 
plan is fbund to have been adopted in some of the ancient 
bridges, and Perronet, the great French engineer, not only- 
formed such tunnels over the haunches, but occasionally in 
the piers themselves. Where Edwards gained his informa- 
tion as to the expedient, or whether he had gathered it 
from his own bitter experience, is not known; but it 
answered his purpose. Three cylindrical holes were built 
over each haunch — the lowest and outermost nine feet in 
diameter, the next six feet, and the highest and innermost 
three feet. The arch, the same in width as that which 
fell four years before, was finished in 1 755, and the beautiful 
" rainbow bridge " lightly spans the Taflf at Newbridge to 
this day. 

The singular inflexibility of purpose displayed by our 
engineer in grappling with and overcoming the difficulties 
encountered by him in the erection of his first bridge, 
became the subject of general interest throughout Wales. 
When it was finished and opened for public traffic, and the 
news spread abroad that the extraordinary arch of Pont-y- 
Prydd at last stood firm as the rocks on which it rested, 
strangers flocked from all parts to view it, and the Welsh 
people, as was natural, became proud of their countryman. 
Employment flowed in upon him, and he went on building 
bridge after bridge in all parts of South Wales. 

Among the more important of the later works of Ed- 
wards were the large and handsome bridge over the river 
Usk, at the town of Usk, in Monmouthshire ; one, of three 
arches, over the river Tame, near Swansea; another, of 
one arch of 95 feet span, over the same river near Mor* 
riston ; a third, with an arch of 80 feet, at Pont-cer-Tame, 
several miles higher up; and Bettws and Llandovery 
Bridges, in the county of Caermarthen, the latter of 84 
feet span. He also built Aberavon Bridge, in Glamorgan- 
shire, with an arch of 70 feet span ; and Glasbury Bridge^ 
of four arches, over the Wye, near Hay, in Brecknockshire, 
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which was afterwards carried away by one of the floods 
80 common in the district. 

Edwards's strong judgment and keen observant facul- 
ties, ripened by experience, enabled him, as he grew older, 
to introduce many improvements in his bridges. He flat- 
tened his arches, so as to render the passage of vehicles 
over them more easy than in the case of Pont-y-Prydd, — the 
steepness on either side of which was found to be so great 
an obstacle, that it was afterwards found necessary to 
supersede Its use by a more level bridge erected on modem 
principles. Hence his later works presented a considerable 
improvement in this respect upon his earlier ones; and 
while he continued to be equally careful in providing 
ample water-way under the arching, and to erect his 
bridges with a view to the greatest possible durability, 
he took increasing pains to provide a more capacious and 
level roadway over them, and to render them in all ways 
more easy and convenient for public use. 

Besides his numerous bridges, Edwards continued, 
during the remainder of his long life, to erect smelting- 
houses, forges, and buildings of various kinds for purposes 
of manufacture.. Nor did his building business exclusively 
occupy his time, for, in addition to his profession of building 
engineer, he carried on the business of a farmer until the 
close of his life. Not even on Sundays did he cease from 
his labours. The Sabbath was no day of rest for him, 
but his labours then were all labours of love. 

In 1750 he became an ordained preacher amongst the 
Independents. Shortly after, he was chosen minister of 
the congregation to which he belonged, and he continued 
to hold the office for about forty years, until his death. 
He occasionally preached in the neighbouring meeting- 
houses : amongst others, in that of Mr. Bees, the father of 
Abraham Bees, editor of the well-known * Encyclopedia.' 
This meeting-house was one of the numerous buildings 
erected by Edwards himself. 

He always preached in Welsh, and his discourses are 

11. G 
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said to have been simple, sensible, and full of loving-kind- 
ness. His fellow-countryman Malkin * says of him, that, 
though a Calvinist, he was one of a very liberal descrip- 
tion; indeed, he carried his charity so far that many 
persons suspected he had changed his opinions, and for 
that reason spoke very unhandsomely of him. As he 
grew older Jie became increasingly charitable, and tolerant 
of other men's views, avoiding points of doctrinal dif- 
ference, but urging and enforcing that the love of God 
and of our neighbour is the aim and end of all religion. 
Holding it to be the duty of every religious society to con- 
tribute liberally of their means to the support of their 
ministry, he regularly took the stipulated salary which his 
congregation allowed to their preachers, but distributed 
the whole of it amongst the poorer members of his church, 
often adding to it largely from his own means. 

This worthy engineer died at the advanced age of 
seventy, respected and beloved by men of all parties ; and 
he was buried in the churchyard of his native parish of 
Eglwysilan, amidst the graves of his children. Three of 
his sons were, like their father, eminent bridge-builders : 
David having constructed the fine five-arched bridge over 
the Usk at Newport, as well as the bridges at Llandilo, 
Edwinsford, Pontloyrig, Bedwas, and other places. In- 
deed, William Edwards may be said to have fairly 
inaugurated the revival of the art of bridge-building in 
England. After his time, it was taken up by Smeaton, 
Rennie, and Telford, and its progress will accordingly be 
described in connection with the lives and works of those 
distinguished engineers. 



* * The Scenery, Antiquities, 
and Biography of South Wales.' 
By Benjamin Heath Malkin, 



Esq., M.A., F.A.S. 1807- Vol. 
L p. 144. 
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CHAPTEB I. 

Smeaton's Boyhood and Education. 

The engineer of the Eddystone Lighthouse was Biindley's 
junior by only eight years. They frequently met in con- 
sultation upon important engineering undertakings ; some- 
times Smeaton advising that Brindley should he called in, 
and Brindley, on his part, recommending Smeaton. They 
were, in fact, during their lifetime, the leading men in 
their profession ; and at Brindley's death Smeaton suc- 
ceeded to much of his business as consulting engineer in 
connection with the construction of canals and of public 
works generally. 

Smeaton had the great advantage over Brindley of a 
good education and bringing up. He had not, like the 
Macclesfield millwright, to force his way up through the 
obstructions of poverty, toil, and parental neglect; but 
was led gently by the hand from his earliest years, and 
carefully trained and cultured after the best methods then 
known. But Smeaton, not less than Brindley, was im- 
pelled to the career on which he entered, by a like innate 
genius for construction, which displayed itself at a very 
early age ; and, being permitted to follow his own bent, 
bis force of character and strong natural ability, diligently 
cultivated by study and experience, eventually carried him 
to the very highest eminence as an engineer. 
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JoliD timeaton waB bom at Austhorpe Lodge, neai 
Leeds, on the 8th of June. 172i, his fathtr being a re- 
Bjiectable attorney practieing in that town. The house in 
■wliich the future engineer wa« bom was built by his 
grandfather John Smeaton, vrho is described on the tablet 
to his memory erected in the neighbouring parish church 
of Whitkirk, as " late of York." 



Leeds was then a place of small importance, compared 
with what it is now. The principal streets were those 
still known as Briggate, leading to the bridge ; Kirkgate, 
leading to the parish church ; and Swinegate, leading to 
the old castle. Beyond those streets lay a wide extent of 
open fields. Boar Lane, now nearly the centre of the 
town, was a kind of airy suburb, in which the principal 
merchants resided ; and the back of the houses in the 
upper part of Briggate, now the main street, looked into 
the country,* or to " the Park," on which Park Square, 
Park Eow, and Park Lane (now containing the new Town 
Hall), have since been built. There were also green fields, 
with ■'•leasant footpaths, between the parish church and 

• WhiWker's Thoresby, ' Loidis and Elmete,' p. 89, 
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the river Aire, through certain gardens, then, as now, 
named " The Calls," though the gardens exist no longer. 

The clothing trade of the town was then so small that 
the cloth market was held in the open air upon the bridge, 
where the cloth was exposed for sale on the parapets. 
The homely entertainment of the clothiers at that day 
was a " brigend shot," consisting of a noggin of porridge 
and a pot of ale, followed by a twopenny trencher of meat. 
Down to the year 1730, the bridge was so narrow that 
only one cart could pass over it at a time. But the number 
of wheeled vehicles then in use was so small that the 
inconvenience was scarcely felt. The whole of the cloth 
was brought to market on men's and horses* backs.* Coals 
were in like manner carried from the pits on horseback, 
the stated weight of a " horse-pack " being eighteen stone, 
or equal to two hundredweight and a quarter.f In the 
rural districts of Yorkshire, manure was also carried a-field 
on horses' backs, and sometimes on women's backs, while 
the men sat at home knitting.} The cloth-packs were 
carried by the "bell-horses," or pack-horses; and this 
mode of conveyance continued until towards the end of 
last century. Scatcherd says the pack-horses only ceased 
to travel about the year 1794. 

The Leeds men, it seems, were not considered so 
" quick " as those of Bradford, then a much smaller place 
and comparatively of the dimensions of a village. It was 



* This is clear from an allasion 
made by Thoresby to an Act 
passed in 1714, regulating the 
mannfacture of broad-cloth, by 
which the length was increased 
from four or six-and-twenty to 
sixty and even seventy yards, 
to the great oppression," says 



waggon roads at Newcastle, "all 
the coals that were carried down 
to the ships must have been con- 
veyed on horses* backs." What 
was called '* a bowl of coals," was 
reckoned a horse-load; and in 
Yorkshire (where the first waggon- 
way was laid within Smeaton's 



Thoresby, " both of man and beast I recollection) the load of coals and 

the "horse-pack" were readily 
substituted the one for the other. 
X Brockett's ' Glossary of North 



m carnage. 

t Smeaton's * Reports,' vol. iii. 
p. 410. Mr. Smeaton says that 
tefore the invention of rail or Country Words.* Newcastle, 1825. 
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long before the Leeds people provided themselves with a 
market for their cloth. The first waa on Mill Hill, after- 
wards removed to the Calls; and finally, in 1767, they 
erected a large hall for the market in the Park, now known 
ae the Coloured Cloth Hall. But even then the place 
remained comparatively rural aa regards its extent and its 
surround ill g country. 



View of Leeds, Mrl^ pu-t of lalii Centnrj* [Kimn TliorMbji'i ■ Dnutot La.atemlb.''' 

Smeaton was greatly favoured in his home and his 
fi^mily. He received his first education at his mother's 
knees j and when not occupied with his lessons he led the 
life of a healthy, happy country hoy. Aiisthorpe was 
then quite in the counlry, the only houBea in the neigh- 
bourhood being those of the little hamlet of Whitkirk, 
»vith the large old mansion of Temple Newsam, surrounded 
by its noble park and woods, close at hand. Yonng 
Smeaton was not much given to boyish sports, and early 
displayed a thoughtfulness beyond his years. Most children 

• The prinoipal biiildingB ahown 1 b j Thoreaby as " black, but oime- 
in the above view of Leeds, about ly "), St. John's Church, and Call 
tbe time when Bmeaton waa bom. ' Lane Chapel 
Bie tbe Parish Church (described | 
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are naturally fond of building up miniature fabrics, and 
perhaps still more so of pulUng them down. But little 
Smeaton seemed to have a more than ordinary love of 
contrivance, and that mainly for its own sake. Ho 
was never so happy as when put in possession of any 
cutting-tool, by which he could make his little imitatione 
of houses, pumps, and windmills. Even while a boy in 
petticoats, he was continually dividing circles and squares, 
and the only playthings in which he seemed to take any 
real pleasure, were the models of things that would " work." 

When any carpenters or masons were employed in the 
neighbourhood of his father's house, the inquisitive boy 
was snre to be amongst them, watching the men, and 
observing how they handled their tools. He would also 
bother the workpeople with questions, many of which 
they could not answer, nor even understand. His life-long 
friend, Mr. Holmes,* who knew him in his youth, has 
related that having one day observed some millwrights 
at work, he was seen shortly after, to the great alarm of 
his family, fixing something like a windmill on the top of 
his father's bam. On another occasion, when watching 
some workmen fixing a pump in the village, he was so 
lucky as to procure from them a piece of bored pipe, 
which he succeeded in fashioning into a working pump 
that actually raised water. His odd cleverness, however, 
does not seem to have been appreciated; and it is told 
of him that amongst the other boys he was known as 
"Fooely Smeaton;" for, though forward enough in put- 
ting questions to the workpeople, among boys of his own 
age he was remarkably shy, and, as they thought, stupid. 

At a proper age the boy was sent to school at Leeds. 

The town then possessed, as it still does, the great 

» 

* An eminent clock and watch- , Smeaton, C.E., F.R.S.' published 
maker in the Strand, afterwards i in 1793, contains the gist of nearly 
Smeaton's partner in the Dept- all the notices of Smeaton's life 
ford Waterworks. His * Short \ which have since been published; 
Narrative of the Genius, Life, and | though it is but a meagre account 
Works of the late Hr. John ' of only a few pages in length. 
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advantage of an excellent Free Grammar School, fouiideil 
by the benefactions of Catholics in early times, afterwards 
greatly augmented by the endowment of one John 
Harrison, a native of the town, .about the period of the 
Reformation. At this school Smeaton is supposed to have 
received the best part of his school instruction, and it is 
said that his progress in geometry and arithmetic was 
very decided ; but, as before, the chief part of his educa- 
tion was conducted at home, amongst his tools and his 
model machines. There he was incessantly busy when- 
ever he had a spare moment. 

Indeed, his mechanical ingenuity sometimes led him 
to play tricks which involved him in trouble. Thus, it 
happened that some mechanics came into the neighbour- 
hood to erect a " fire-engine," — as the steam-engine was 
then called — for the purpose of pumping water from the 
Garforth coal-mines; and Smeaton made daily visits to 
them for the purpose of watching their operations. Care- 
fully observing their methods, he proceeded to make a 
miniature engine at home, provided with pumps and other 
apparatus, and he even succeeded in getting it set to 
work before the colliery engine was ready. He first tried 
its powers ^upon one of the fish-ponds in front of the house 
at Austhorpe, which he succeeded in pumping completely 
dry, and thereby killed all the fish in the pond, very much 
to the surprise as well as the annoyance of his father. 

But his father seems to have been indulgent, if he was 
not proud of his boy, for he provided him with a work- 
shop in an outhouse, where he hammered, filed, and 
chiselled, very much to his heart's content. Working 
on in this way, young Smeaton contrived, by the time he 
had reached his fifteenth year, to make a turning-lathe, 
on which he turned wood and ivory, and made presents of 
little boxes and other articles to his various friends. He 
also learned to work in metals, which hfe fused and forged 
himself ; and by the age of eighteen, he could handle toole 
with the expertness of any regular smith or joiner. 
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"In the year 1742," eays his friend, Mr. Hulmoa, "I 
flpent a moutli at his father's houBe ; and being intended 
myself for a mechanical employment, and a few yeani 
younger than he waa, ] could not but view hie worke with 
aatonishment. He forged his iron and steel, and melted 
his metal. He had tools of every sort for working in wood, 
ivory, and metals. He had mode a lathe, by which he 
out a perpetual screw in brass, — a thing little known 
at that day, and which, I believe, was the invention of 
Mr. Henry Hindley, of York, with whom I nerved my 
apprenticeship. Mr. Hindley waa a man of the most 
communicative disposition, a great lover of mechanics, and 
of the most fertile genius. Mr. Smeaton soon became 
acquainted, with him, and spent many a night at Mr. 
Hindley's house till daylight, conversing on these subjects." 
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CHAPTER n. 

SMBiLTON LEARNS THE TrADE OF MATHEMATICAL INSTRUMENT 

Maker. 

Young Smeaton left scliool in his sixteentli year, and from 
that time he was employed in his father's office, copying 
legal documents, and passing through the necessary pre- 
liminary training to fit him to follow the profession of an 
attorney. Mr. Smeaton, having a good connection in his 
native town, naturally desired that his only son should 
succeed him. But the youth took no pleasure in Law : 
his heart was in his workshop with his tools. Though 
he mechanically travelled to the office daily, worked assi- 
duously at his desk, and then travelled back again to 
Austhorpe, he every day felt more and more the irksome- 
ness of his employment. 

Partly to wean him from his mechanical pursuits at 
home, which often engrossed his attention half the night, 
and partly to give him the best legal education which it 
was in his power to bestow, Mr. Smeaton sent his son to 
London towards the end of the year 1742 ; and for a short 
time he occupied himself, in conformity with his parent's 
wishes, in attending the Courts in Westminster Hall. 
But at length he could not repress his strong desire to 
pursue some mechanical occupation, and in a firm but 
respectful memorial to his father, he fully set forth his 
views as to the particular calling which he wished to 
follow, in preference to the profession of the law. 

The fathei's heart was touched, and probably also his 
good sense was influenced, by the son's earnest appeal; 
and he wrote back, giving his assent, though not without 
his strong depression of regret as to the course which 
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his Bon desired to adopt. No doubt he thought that in 
giving up the position of a member of a learned and 
lucrative profession, and des^^nding to the level of a 
mechanical workman, his son was performing an act of 
great folly ; for there was no such thing then as the pro- 
fession of a civil engineer. Almost the only mechanical 
work of importance done at that time was executed by 
millwrights and others, at labourers* wages, as we have 
already seen in the Life of Brindley. The educated 
classes eschewed mechanical callings, which were neither 
regarded as honourable nor remunerative; and that 
Smeaton should have felt so strongly impelled to depart 
from the usual course and enter upon such a line of occu- 
pation, must be attributed entirely to his innate love of 
construction, or, as he himself expressed it to his father, 
the " bent of his genius." 

When he received his father's letter, the young man 
experienced the joy of a prisoner on hearing of his reprieve, 
and he lost no time in exercising his new-found liberty. 
He sought out for himself a philosophical instrument 
maker, who could give him instruction in the business he 
proposed to follow, and entered into his service, — his father 
being at the expense of his maintenance. In due course 
of time, he was enabled to earn sufficient wages to main- 
tain himself; but his father continued to assist him 
libemally on every occasion when money was required 
either for purposes of instruction or of business. 

Young Smeaton did not live a mere workman's life. He 
frequented the society of educated men, and was a regular 
attendant of the meetings of the Eoyal Society. In 1750, 
he lodged in Great Turnstile, a passage leading from the 
south side of Holbom to the east side of Lincoln's Inn 
Fields ; and shortly after, when he commenced business as 
mathematical instrument maker on his own account, he 
lodged in Fumival's Inn Court, from which his earlier 
papers read before the Eoyal Society were dated. 

During the same year in which he began business, and 
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when lie was only twenty-six, he read a commnnication 
before the Koyal Society, descriptive cf his own and Dr. 
Gowin Knight's improvements in the mariner's compass. 
In the year following (1751) we find him engaged in a 
boat on the Serpentine river, performing experiments with, 
a machine of his invention, for the purpose of measuring 
the way of a ship at sea. With the same object he made 
a voyage down the Thames, in a small sailing vessel, to 
several leagues beyond the Nore ; and he afterwards made 
a short cruise in the ' Fortune ' sloop of war, testing his 
instruments by the way. 

His attention as yet seems to have been confined chiefly 
to the improvement of mathematical instruments used for 
purposes of navigation or astronomical observation. In 
the year 1752, however, he enlarged the range of his 
experiments ; for we find him, in April, reading a paper 
before the Eoyal Society, descriptive of some improve- 
ments which he had contrived in the air-pump.* On the 
11th of June following, he read another paper, descriptive 
of an improvement which he had made in ship-tackle by 
the construction of pulleys, by means of which one man 
might easily raise a ton weight; and on the 9th of 
November, he read a third paper, descriptive of M. De 
Moura's experiments on Savary's steam-engine. 

In the course of the same year he was busily occupied 
in performing a series of experiments, on which his 
admirable paper was founded, read before the same Society, 
and for which he received their Gold Medal in 1759 — 
entitled ** An Experimental Inquiry concerning the Natural 
Powers of Water and Wind to turn Mills and other 
Machines depending on a Circular Motion." This paper 
was very carefully elaborated, and is justly regarded as 



* Twenty years later, he gave 
this air-pump to Dr. Priestley, 
who found it so excellent that he 
brought it into public notice. It 



enabled him to rarify air more 
than 400 times (Rutt, *Iife of 
Priestley,' i. 78 and 223.) 
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the most masterly report that has ever been published on 
the subject. 

To accomplish all this, and at the same time to cany 
on his business, necessarily involved great application and 
industry. Indeed, Smeaton was throughout his life an 
indefatigable student, — ^bent, above all things, on self-im- 
provement. One of his maxims was, that " the abilities 
of the individual are a debt due to the common stock of 
public happiness ;" and the steadfastness with which he 
devoted himself to useful work, in which at the same time 
he found his own happiness, shows that this maxim was 
no mere lip-utterance on his part, but formed the very 
mainspring of his life. From an early period he carefully 
laid out his time with a view to getting the most good out 
of it. So much was set apart for study, so much for 
practical experiments, so much for business, and so much 
for rest and relaxation. ^ 

We infer that Smeaton could not have done much 
business as a philosophical instrument maker, from the 
considerable portion of his time which he devoted to study 
and experiments. Probably he already felt that, in the 
course of the development of English industry, a field was 
opening before him of a more important character than 
any that was likely to present itself in the mathematical 
instrument line. He accordingly seems early to have 
turned his attention tp engineering, and, amongst other 
branches of study, he devoted several hours daily to 
the acquisition of French, in order that he might be 
able to read for himself the works on that science which 
were then only to be found in that and the Italian lan- 
guage. He had, however, a further object in studying 
French, which was to enable him to make a journey 
which he contemplated into the Low Countries, for the 
purpose of inspecting the great canal works of the foreign 
engineers. 

Accordingly, in 1754, he set out for Holland, and traversed 
that country and Belgium, travelling mostly on foot and 
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in treckscliuyts, or canal boats, both for the sake of 
economy, and that he might more closely inspect the 
engineering works of the districts through which he 
•passed. He there found himself in a country which had 
been, as it were, raked out of the very sea, — for which 
Nature had done so little, and skill and industry so much. 

From Eotterdam he went by Delft and the Hague to 
Amsterdam, and as far north as Helder, narrowly inspect- 
ing the vast dykes raised round the land to secure it 
against the clutches of the sea, from which it had been 
originally won. At Amsterdam he was astonished at the 
amount of harbour and dock accommodation, existing at 
a time when London as yet possessed no conveniences of 
the sort, — ^though indeed it always had its magnificent 
Thames. Passing round the country by Utrecht, he 
proceeded to the great sea-sluices at Brill and Helvoet- 
sluys, by means of which the inland waters discharged 
themselves, at the same time that the sea- waters were 
securely dammed out. 

Seventeen years later, he made use of the experience 
which he had acquired in the course of his careful inspec- 
tion of these great works, in illustrating and enforcing 
the recommendations contained in his elaborate report 
on the best means of improving Dover Harbour. He 
made careful memoranda during his journey, to which he 
was often accustomed to refer, and they proved of great 
practical value to him in the course of his subsequent 
extensive employment as a canal and harbour engineer. 

Shortly after his return to England in 1755, an oppor- 
tunity occurred for the exercise of that genius in construc- 
tion which Smeaton had so carefully disciplined and culti- 
vskted ; and it proved the turning point in his fortunes, as 
well as the great event of his professional life 
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CHAPTER m. 

The Eddystone Bock — Winstanley*s and Rudyeed's 

Lighthouses. 

The Eddystone forms the crest of an extensive reef of 
rocks which rise up in deep water about fourteen miles 
S.S.W. of Plymouth Harbour. Being well out at sea, the 
rocks are nearly in a line with Lizard Head and Start 
Point ; and besides being in the way of ships bound for 
Plymouth Sound, they lie in the very direction of vessels 
coasting up and down the English Channel. At low 
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Coast of Devon aud Cornwall. 

water, several long low reefs of gneiss are visible, jagged 
and black ; but at high water they are almost completely 
submerged. Lying in a sloping manner towards the 
Bouth-west quarter, from which the heaviest seas come, 

II. H 
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the waves in stormy weather come tumbling up the slope 
and break over their crest with tremendous violence. The 
water boils and eddies amongst the reefs, and hence the 
name which they have borne from the earliest times of 
the Eddystone Kock. 

It may readily be imagined that this reef, whilst un- 
protected by any beacon, was a source of great danger to 
the mariner. Many a ship coming in from the Atlantic 
was dashed to pieces there, almost within sight of land ; 
and all that came Lahore was only dead bodies and float- 
ing wreck. To avoid this terrible rock, the navigator was 
accustomed to give it as wide a berth as possible, and 
homeward-bound ships accordingly entered the Channel 
on a much more southern parallel of latitude than they now 
do. In his solicitude to avoid the one danger, the sailor 
too often ran fovl of another; and hence the numerous 
wrecks which formerly occurred along the French coast, 
more particularly upon the dangerous rocks which sur- 
round the Islands of Jersey, Guernsey, and Aldemey. 

We have already described the rude expedients adopted 
in early times to light up certain of the more dangerous 
parts of the coast, and referred to the privilege granted to 
private persons who erected lighthouses, of levying tolls 
on passing shipping.* It was long before any private 
adventurer was found ready to undertake so daring an 
enterprise as the . erection of a lighthouse on the Eddy- 
stone, where only a little crest of rock was visible at high 
water, scarcely capable of affording foothold for a structure 
of the very narrowest basis. 

At length, however, in 1696, Mr. Henry Winstanley 
(a mercer and country gentleman), of Littlebury, in the 



* The private lights first erect- the Trinity Board, some of them 
ed — ^amongst which were those at very large prices. The revenue 
on Dungeness, the Skerries (off of the Skerries Light alone, pre- 
ihe Isle of Anglesey), the Eddy- ' vious to its purchase by the 
stone, Harwich, Win tertonness Trinity House, amounted to aliout 
and Orfordness, Hunstanton Cliff, 20,000l a year. 
&Q, — ^have all been purchased by I 
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county of Essex, obtained the necessary powers to erect 
a lighthouse on the Eddystone, and to levy tolls from 
passing vessels. That gentleman seems to have possessed 
a curious mechanical genius, which first displayed itself 
in devising sundry practical jokes for the entertainment 
of his guests. Smeaton tells us that in one room there 
lay an old slipper, which, if a kick was given it, imme- 
diately raised a ghost from the floor ; in another, the visitor ' 
sat down upon a chair, which suddenly threw out two 
arms and held him a fast prisoner ; while, in the garden, 
if he sought the shelter of an arbour and sat down upon 
a particular seat, he was straightway set afloat into the 
middle of the adjoining canal.* These tricks must have 
rendered the house at Littlebury a somewhat exciting 
residence for the uninitiated guest. The amateur inventor 
exercised the same genius to a certain extent for the enter- 
tainment of the inhabitants of the metropolis, and at 
Hyde Park Comer he erected a variety of jets d*eau, 
known by the name of Winstanley's Waterworks, which 
he exhibited at stated times at a shilling a-head.f 

This whimsicality of the man in some measure accounts 
for the oddity of the wooden building erected by him on 
the Eddystone rock; and it is matter of surprise that 
it should have stood the severe weather of the English 
Channel for several seasons. The building was begun in 
the year 1696, and finished in four years. It must neces- 
sarily have been a work attended with great difficulty as 
well as danger, as operations could only be carried on 
during fine weather, when the sea was comparatively 
smooth. The first summer was wholly spent in making 
twelve holes in the rock, and fastening twelve irons in 



* * Narrative of the Building 
and a Description of the Constrnc- 
tion of the Eddystone Lighthouse 
with Stone.* By John Smeaton, 
Civil Engineer, F.R.S. Second 
Edition. London, 1813. 



t They continued to be exhi- 
bited for some time after Mr. 
WLnstanley's death. See * Tatler 
for September, 1709. 
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tliem by which to hold fast the superstmotore. " Even in 
aummer," Winstanley says, " the weather would at times 
prove so bad, that for tenor fourteen days together tlie Beta 



WlDstonl^y'B UgbtbiMiBe. 

would be 80 raging about these rocks, caosed by outwinda 
and tiie mnning of the ground seas coming &om the main 
ocean, that although the weather should seem and be most 
calm in other places, yet here it would mount and fly mora 
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than two hundred feet, as has been bo found since there 
was lodgment on the place, and therefore all our works 
were constantly buried at those times, and exposed to the 
mercy of the seas." 

The second summer was spent in making a solid pillar, 
twelve feet high and fourteen feet in diameter, on which 
to build the lighthouse. In the third year, all the upper 
work was erected to the vane, which was eighty feet above 
the foundation. In the midsummer of that year Win- 
stanley ventured to take up his lodging with the workmen 
in the lighthouse; but a storm arose, and eleven days 
passed before any boats could come near them. During 
that period the sea washed in upon Winstanley and his 
companions, wetting all their clothing and provisions, and 
carrying off many of their materials. By the time the 
boats could land, the party were reduced almost to their 
last crust; but happily, the building stood, apparently 
firm. Finally, the light was exhibited on the summit of 
the building on the 14th of November, 1698. 

The fourth year was occupied in strengthening the 
buUding round the foundations, making all solid nearly to 
a height of twenty feet, and also in raising the upper part 
of the lighthouse forty feet, to keep it well out of the wash 
of the sea. This timber erection, when finished, somewhat 
resembled a Chinese pagoda, with open galleries and 
numerous fantastic projections. The main gallery under 
the light was so wide and open, that an old gentleman 
who remembered both Winstanley and his lighthouse, 
afterwards told Smeaton, that it was " possible for a six- 
oared boat to be lifted up on a wave, and driven clear 
through the open gallery into the sea on the other side." 
In the perspective print of the lighthouse, published by 
the architect after its erection, he complacently repre- 
sented himself as fishing out of the kitchen-window I 

When Winstanley had brought his work to completion, 
he is said to have expressed himself so satisfied as to its 
strength, that he only wished he might be there in the 
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fiercest storm that ever blew. In this wish he was not 
disappointed, though the result was entirely the reverse 
of the builder's anticipations. In November, 1703, Win- 
stanley went off to the lighthouse to superintend some 
repairs which had become necessary, and he was still in 
the place with the lightkeepers, when, on the night of the 
26th, a storm of unparalleled fury burst along the coast. 
As day broke on the morning of the 27th, people on shore 
anxiously looked in the direction of the rock to see if 
Winstanley's structure had withstood the fury of the gale ; 
but not a vestige of it remained. The lighthouse and its 
builder had been swept completely away. 

The building had, in fact, been deficient in every element 
of stability, and its form was such as to render it pecu- 
liarly liable to damage from the violence both of wind and 
water. " Nevertheless," as Smeaton generously observes, 
" it was no small degree of heroic merit in Winstanley to 
undertake a piece of work which had before been deemed 
impracticable, and, by the success which attended his en- 
deavours, to show mankind that the erection of such a 
building was not in itself a thing of that kind." He may, 
indeed, be said to have paved the way for the more suc- 
cessful enterprise of Smeaton himself; and his failure was 
not without its influence in inducing that great mechanic 
to exercise the care which he did, in devising a structure 
that should withstand the most violent force of the sea on 
the south coast. Shortly after Winstanley's lighthouse had 
been swept away, the ' Winchelsea,' a richly-laden home- 
ward-bound Yirginiaman, was wrecked on the Eddystone 
rock, and almost every soul on board perished ; so that the 
erection of a lighthouse upon the dangerous reef remained 
as much a necessity as ever. 

A new architect was not long in making his appearance. 
He did not, however, come from the class of architects, or 
builders, or even of mechanics: and, as for the class of 
engineers, it had not yet sprung into existence. The pro- 
jector of the next lighthouse for the Eddystone was agais 
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a London mercer, who kept a silk-shop on Ludgate Hill. 
John Eudyerd — for such was his name — ^was, however, 
a man of unquestionable genius, and possessed of much 
force of character. He was the son of a Cornish labourer 
whom nobody would employ, — his character was so bad ; 
and the rest of the family were no better, being looked 
upon in their neighbourhood as " a worthless set of ragged 
beggars." John seems to have been the one sound chick 
in the whole brood. He had a naturally clear head and 
honest heart, and succeeded in withstanding the bad 
example of his family. When his brothers went out a- 
pilfering, he refused to accompany them, and hence they 
regarded him as sullen and obstinate. They ill-used him, 
and he ran away. Fortunately he succeeded in getting 
into the service of a gentleman at Plymouth, who saw 
something promising in his appearance. The boy con- 
ducted himself so well in the capacity of a servant, that 
he was allowed to learn reading, writing, and accounts ; 
and he proved so quick and intelligent, that his kind master 
eventually placed him in a situation where his talents 
could have better scope for exercise than in his service, 
and he succeeded in thus laying the foundation of the 
young man's future success in life. 

We are not informed of the steps by which Eudyerd 
worked his way upward, until we find him called from his 
silk-mercer's shop to undertake the rebuilding of the Eddy- 
stone Lighthouse. But it is probable that by this time he 
had become known for his mechanical skill in design, if 
not in construction, as well as for his thoroughly practical 
and reliable character as a man of business; and that for 
these reasons, amongst others, he was selected to conduct 
this difficult and responsible undertaking. 

After the lapse of about three years from the destruction 
of Winstanley's fabric, the Brethren of the Trinity, in 1706, 
obtained an Act of Parliament enabling them to rebuild 
the lighthouse, with power to grant a lease to the under- 
taker. It was taken by one Captain Lovet for a period ot 
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nmety-niue years, and lie it watt ih&t fcnmd ont and em- 
ployed Rudyerd. His design, of tlie new structure was 
simple but masterly. He selected the form that offered 
the least poBsiblo 
resiatanoe to the 
force of the winds 
and the waves, 
avoiding the open 
galleries and pro- 
jections of his pre- 
decessor. Instead 
of a polygon he 
chose a oone for 
the outline of his 
building, and he 
carried up the ele- 
vation in that 
form. In the prac- 
tical execution of 
the work he was 
assisted by two 
shipwrights from 
the King's yard 
at Woolwich, who 
i worked with him 
; during the whole 
-J time that he was 
occnpied in the 

Rudyerd'i IjDhthoiufl. , . 

erection. 
The main defect of the lighthouse consisted in the faulti- 
nees of the material of which it was built; for, like Win- 
stacley's, it was of wood. The means employed to fix the 
work to its fouadation proved quite efficient; dove-tailed 
holes were cut out of the rock, into which strong iron bolts 
or branches were keyed,* and the interstioes were after- 



* Ur. SmealoD aaya that the lUBtrnnent now oallad the Lenw, 
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wards filled with molten pewter. To these branches were 

firmly fixed a crown of squared oak balks, and across these 

a set of shorter balks, and so on, till a basement of solid 

wood was raised, the whole being firmly fitted and tied 

togetlier with tre-nails and screw-bolts. At the same time, 

to increase the weight and vertical pressure of the building, 

and tliereby present a greater resistance to any disturbing 

external force, Eudyerd introduced numerous courses of 

Cornish moorstone, as well jointed as possible, and cramped 

witli iron. It is not necessary to follow the details of the 

construction further than to state, that outside the solid 

timber and stone courses strong upright timbers were 

fixed, and carried up as the work proceeded, binding the 

whole firmly together. 

Within these upright timbers the rooms of the light- 
house were formed, the floor of the lowest, the storeroom, 
being situated twenty-seven feet above the highest side of 
the rock. The upper part of the building comprehended 
four rooms, one above another, chiefly formed by the upright 
outside timbers, scarfed — that is, the ends overlapping, 
and firmly fastened together. The whole building was, 
indeed, an admirable piece of ship-carpentry, excepting 
only the moorstone, which was merely introduced, as it 
were, by way of ballast. The outer timbers were tightly 
caulked with oakum, like a ship, and the whole was payed 
over with pitch. Upon the roof of the main column Eud- 
yerd fixed his lantern, which was lit by candles, seventy 
feet above the highest side of the foundation, which was 
of a sloping form. From its lowest side to the summit of 



though an invention of old date, 
was for the first time made use of 
by Eudyerd in fixing his iron 
branches firmly to the rock. " Mr. 
Eudyerd*s method," he savs, " of 
keying and securing, must be con- 
sidered as a material accession to 
the practical part of engineering, 
as it furnishes us with a secure 



method of fixing ring-bolts and 
eye-bolt stanchions, &c., not only in 
rocks of any known hardness, but 
into 'piers, moles, &c., that have 
been already constructed, for the 
safe mooring of ships, or fixing 
additional works whether of stone 
or wood." (Smeaton's ' Narrative/ 
p. 22.) 
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the ball fixed on the top of the building was ninety-two 
feet, the timber-column resting on a base of twenty-three 
feet four inches. " The whole building," says Smeaton, 
" consisted of a simple figure, being an elegant frustum of 
a cone, unbroken by any projecting ornament, or anything 
whereon the violence of the storms could lay hold." The 
structure was completely finished in 1709, though the 
light was exhibited in the lantern as early as the 28th of 
July, 1706.* 

That the building erected by Eudyerd was on the whole 
well adapted for the purpose for which it was intended, 
was proved by the fact that it served as a lighthouse for 
ships navigating the English Channel, and withstood the 
fierce storms which rage along that part of the coast, for a 
period of nearly fifty years. The lighthouse was at first 
attended by only two men, as their duty required no more. 
During the night they kept watch by turns for four hours 
alternately, snuffing and renewing the candles. It hap- 
pened, however, that one of the keepers took ill and died, 
and only one man remained to do the work. He hoisted 
the fag as a signal to those on land to come off to his 
assistance ; but the sea was running so high at the time, 
that no boat could live in the vicinity of the rock ; and the 
rough weather lasted for nearly a month. 

What was the surviving man to do with the dead body 
of his comrade ? The thought struck him that if he threw 



* An anecdote is told of a cir- 
cumstance which occurred during 
its erection, so creditable to Louis 
XIV., then King of France, that 
we repeat it here. There being 
war at the time between France 
and England, a French privateer 
took the opportunity of one day 
seizing the men employed upon 
the rock, and carrying them off 
prisoners to France. But the 
capture coming to the ears of the 
King, he immediately ordered 



that the prisoners should be re- 
leased and sent back to their work 
with presents, declaring, that, 
though he was at war with Eng- 
land, he was not at war with man- 
kind; and, moreover, that the 
Eddystone Lighthouse was so 
situated as to be of equal service 
to all nations having occasion to 
navigate the channel that divided 
France from England. (Smeaton'f 
* Narrative,* p. 28.) 
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it into tlie sea, he might be charged with murder. He 
determined, therefore, to keep the corpse in the lighthouse 
until a "boat could come off from the shore. One may 
imagine the horrors endured by the surviving lightkeeper 
during that long, dismal month. At last the boat came 
off, but the weather was still so rough that a landing was 
only effected with the greatest difficulty. By this time the 
effluvia rising from the corpse was overpowering ; it filled 
the apartments of the lighthouse, and it was all that the 
men could do to get the body disposed of by throwing it 
into the sea. The circumstance afterwards induced the 
proprietors to employ a third man to supply the place of a 
disabled or dead keeper.* 

The chief defect of Eudyerd's building, as we have 
already observed, consisted not in its form, but in the 
material of which it was composed. It was combustible, 
and yet it could only be made useful as a lighthouse by the 
constant employment of fire in some shape. Though the 
heat of the candles used in the lantern may not have been 
very great, still it was sufficient to produce great dryness 
and inflammability in the timbers lining the roof, and 
these being covered with a crust of soot, must have proved 
a source of constant danger. The immediate cause of the 
accident by which the lighthouse was destroyed, was never 
ascertained. All that is known is, that about two o'clock 
in the morning of the 2nd December, 1755, the lightkeeper 
on duty, going into the lantern to snuff the candles, found 
it full of smoke. 



♦ The employment of a light- at the rock, one of them observed 
house keeper was very healthy, to the light-keeper how comfort- 



There was always a large number 
of candidates for any vacant office, 
probably of the same class to 
which pike-keepers belong. They 
must have been naturally morose, 
and perhaps slightly misanthro- 
pic ; for Mr. Smeaton relates that, 
Bome visitors having onoe landed 



ably they might live there in a 
state of retirement: — "Yes," re- 
plied the man, " very comfortably 
if we could have the use of our 
tongues ; but it is now a full 
month since my partner and I have 
spoken a word to each other I " 
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The lighthouse was on fire! In a few minutes the 
wooden fabric was in a blaze. Water could not be brought 
up the tower by the men in sufficient quantities to be 
thrown with any effect upon the flames raging above 
their heads : the molten lead fell down upon the light- 
keepers, into their very mouths,* and they fled from room 
to room, the fire following them down towards the base- 
ment on the rock. From Cawsand and Eame Head the 
unusual glare of light proceeding from the Eddystone was 
seen in the early morning, and fishing-boats with men 
went off to the rock, though a fresh east wind was blow- 
ing. By the time they reached it, the lightkeepers had 
not only been driven from all the rooms, but, to protect 
themselves from the molten lead and red-hot bolts and 
falling timbers, they had been compelled to take shelter 
under a ledge of the rock on its eastern side. The surt 
was too high to enable the boats to effect a landing ; but 
the men themselves, becoming conscious of their perilous 
situation, adopted the only means of escape which now 
remained. By great efforts, a small boat had been got 
near enough to throw a coil of rope upon a projection of 
the rock, and the men had sufficient energy to lay hold 
of it, and one by one to fasten it round their bodies, and 
jump into the sea. They were thus towed on board the 
boats, and were shortly after landed at Plymouth, more 
dead than alive. 

And thus also was Eudyerd's timber lighthouse com- 
pletely destroyed. As the necessity, however, for pro- 
tecting the navigation of the Channel by a light on 
the Eddystone was now greater than ever, in conse- 
quence of the increasing foreign as well as coasting 
trade of the kingdom, it was immediately determined 



* It appears that a post-mortem 
examination of one of the light- 
keepers (who died from injuries 
received during the fire) took place 
fiome thirteen days after its oo 



currence, and a flat oval piece of 
lead, some seven ounces in weight, 
was taken out of his stomach, 
having proved the cause of his 
'^.eath. 
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by the proprietors to take the necessary steps for re- 
bmlding it; and it was at this juncture that Smeaton 
was applied to. As on the two previous occasions, when a 
mercer and country gentleman, and then a London silk- 
mercer had been called upon to undertake this difficult 
work, the person now applied to was not a builder, nor an 
architect, nor an engineer, but a mathematical instrument 
maker. Mr. Smeaton had, however, by this time gained 
for himself so general an estimation amongst scientific 
men as a painstaking observer, an able mechanic, and one 
who woidd patiently master, and, if possible, overcome 
any amount of difficulties, that he was at once pointed 
out as the person of all others who was the most capable 
of satisfactorily rebuilding this important beacon on tba 
south-western coast. 
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CHAPTEE IV. 

Smeaton's Lighthouse on the Eddystone. 

Captain Lovet, the lessee of the lighthouse, having died 
in 1715, his property was sold, and Mr. Eobert Weston, in 
company with two others, became the purchasers of the 
lease. On the destruction of Eudyerd's timber building, 
Mr. Weston applied to the Earl of Macclesfield, President 
of the Eoyal Society, for his advice under the circum- 
stances, and requested him to point out an architect capable 
of undertaking the reconstruction of the lighthouse in au 
efficient manner. Mr. Smeaton's account of the reply 
made by the Earl to Mr. Weston is so characteristic of 
him, that we quote his own words. 

Lord Macclesfield replied " that there was one of their 
own body whom he could venture to recommend to the 
business ; yet that the most material part of what he knew 
of him was, his having within the compass of the last 
seven years recommended himself to the Society by the 
communication of several mechanical inventions and im- 
provements ; and that though he had at first made it his 
business to execute things in the instrument way (without 
having ever been bred to the trade), yet on account of the 
merit of his performances he had been chosen a member of 
the Society ; and that for about three years past, having 
found the business of a philosophical instrument maker 
not likely to afford an adequate recompense, he had wholly 
applied himself to such branches of mechanics as he (Mr. 
Weston) had appeared to want ; that he was then some- 
where in Scotland, or in the north of England, doing 
-business in that line; that what he had to say of him 
; fiiirther was, his never having known him undertake any- 
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thing but what he completed it to the satisfaction of those 
"who employed him, and that Mr. Weston might rely upon 
it, when the business was stated to him, he woijld not 
imdertake it unless he clearly saw himself capable of 
performing it."* . 

This description seems to have been enough for Mr. 
Weston, who immediately addressed Mr. Smeaton on the 
subject. News then travelled so slowly, and the particulars 
which had got abroad relating to the accident at the 
Eddystone were so meagre, that Smeaton did not know 
that the lighthouse had been totally destroyed. When he 
at length received Mr. Weston's letter, more than a month 
after the accident, he fancied that it was only the repair 
of some of the upper works that was required of him, and 
he replied that he had engagements on hand that he coidd 
not leave upon an uncertainty. The answer he received 
was, that the former building was totally destroyed — that 
the lighthouse must be rebuilt — and the letter concluded 
with the words, " thou art the man to do it." 

Smeaton then returned to town and proceeded to con- 
sider the matter. The subject was wholly new to him ; 
but he determined to investigate it thoroughly, and he 
lost no time in doing so. One of the earliest conclusions 
he arrived at was, that stone was the proper material with 
which to rebuild the lighthouse, though the superiority of 
timber was strongly urged upon him. The popular im- 
pression, which also prevailed amongst the Brethren of 
the Trinity House, was, that " nothing but wood could 
possibly stand on the Eddystone;" and many were the 
predictions uttered as to the inevitable failure of a structure 
composed of any other material. The first thing which 
our engineer did was to examine carefully the plans and 
models of the two former lighthouses ; by which he sought 
to ascertain their defects, with a view to avoiding them in 
the new erection. 



* Smeaton's ' Narrative.' &o., p. 38 
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In the course of this inqniry, he became more and more 
C5onvinced that the great defect of the late building had 
been its want of Weight, through which it had rocked 
about in heavy storms, and would probably have been 
washed away before long if it had not been burnt ; and he 
came to the conclusion, that if the lighthouse was to be 
contrived so as not to give way to the sea, it must be 
made so strong as that the sea must be compelled to give 
way to the building. He also had regard to durability as 
an important point in its re-erection. To quote his own 
words ; " In contemplating the use and benefit of such a 
structure as this, my ideas of what its duration and 
continued existence ought to be, were not confined within 
the boundary of one Age or two, but extended themselves 
to look towards a possible Perpetuity." 

Thus, before Smeaton had proceeded very far, he had 
come to the firm conviction that the new lighthouse must 
be built of Stone. Nevertheless, he resolved to preserve 
the conical form of Eudyerd's building, but to enlarge 
considerably the diameter of the foundation, and thus 
increase the stability of the whole superstructure. The 
idea of the bole of a large spreading oak-tree presented 
itself to his mind as the natural model of a column, pre- 
senting probably the greatest possible strength. 

Another point which he long and carefully studied, was 
the best mode of bonding the blocks of stone to the rock 
and to each other, in such a way as that not only every 
individual piece, but the whole fabric, should be rendered 
proof against external force. Binding the blocks together 
by iron cramps was considered, but dismissed as insuffi- 
cient, as well as impracticable. Then the process of dove- 
tailing occurred, to him — a practice then generally applied 
to carpentry, though scarcely as yet known in masonry. 
Still more suitable for his purpose was the method which 
he had observed adopted in fixing the kerbs along the 
London footpaths, by which the long pieces or stretchers 
were retained between the two headers or bond-pieces, 
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whose Leads being cut dovetail-wise, adapted themselves 
to and bound in the stretchers ; and the tye being as good 
at the bottom as at the top, this arrangement, he con- 
ceived, was the very best that could be devised for his 
purpose. 

From these beginnings he was readily led to think 
that if the blocks themselves, both inside and out, were 
all formed into large dovetails, they might be arranged 
so as mutually to lock themselves together, being first 
engrafted into the rock ; and in the round and entire 
courses, along the top of the rock, they might all proceed 
from and be locked into one large centre stone. By thus 
rooting the foundations into the rock, and also binding 
every stone by a similar dovetailing process to every other 
stone in each course, upon which the sea could only act 
edgeways, he conceived that he would be enabled to erect 
a building of a strength sufficient to resist the strongest 
force of winds and waves that was likely to be brought 
against it. 

Having thus thought out the subject, and deliberately 
matured his views — carefully studying, amongst other 
works, * Wren's Parentalia' and Price's account of the 
building of Salisbury Cathedral — he proceeded to design 
a lighthouse on the principles we have thus summarily 
described ; and, with a few modifications rendered neces- 
sary by the situation and the various circumstances which 
presented themselves in the course of the work, he pro- 
ceeded to carry his design into effect in the building of 
the third Eddystone Lighthouse. 

All this had been done before Mr. Smeaton had even 
paid a visit to the site on which the lighthouse was to be 
built. The difficulty of reaching the place was great, and 
time was precious. Besides, he thought it best to prepare 
himself for his first visit by completing his thorough pre- 
liminary investigation' of the whole case. It was not until 
the end of March, 1756, that he set out from London to 
Plymouth for the purpose of making his first inspection of 
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the rock. He was no less than six days in performing the 
journey, of which he says, " I had nothing to regret but 
the loss of time that I suffered, which was occasioned 
chiefly by the badness of the roads." 

At Plymouth he met Josias Jessop, to whom he had been 
referred for information as to the previous lighthouse. Mr. 
Jessop was then a foreman of shipwrights, called a quarter- 
man, in Plymouth Dock, and was a person of jnuch modesty, 
integrity, as well as of singular ingenuity in mechanical 
matters.* Smeaton also found him to he a competent 
draughtsman and an excellent modeller, and he cheerfully 
acknowledged the great assistance which he obtained from 
him during the progress of the work. Smeaton showed 
Jessop the plan of the stone building which he had already 
made. The foreman expressed his great surprise on first 
looking at it, having made up his mind that the light- 
house could only be reconstructed of wood. But he readily 
admitted the superiority of a stone structure, if it could 
only be made to stand in so very exposed and dangerous a 
situation. 

Mr. Smeaton was anxious to go off to the rock at once ; 
but the wind had been blowing fresh for several days, and 
there was so heavy a sea in the Channel, that it was not 
until the 2nd of April that he could set sail. On reaching 
the Eddystone, the sea was breaking upon the landing- 
place with such violence, that it was impossible to land. 
All that Smeaton could do was to view the cone of bare 
rock — the mere crest of the mountain whose base was laid 
so far down in the sea-deeps beneath — over, which the 
waves were lashing, and to form a more adequate idea of 
the very narrow as well as turbulent site on which he was 
expected to erect his building. 

Three days later he made a second voyage, and he ret. 
joiced on this occasion to be able to set his foot for the 



* His son, William Jessop, the 
engineer, became a pnpil of Smea- 



ton's, and afterwards rose tc great 
eminenoo m the profession. 



Chap. IV. SMEATON'S LIGHTHOUSE. 115 

first time upon the Eddystone. He stayed there for more 
than two hours, and thoroughly examined the rock ; being 
at length compelled to leave it by the roughness of the sea, 
which began to break over it as the tide rose. The only 
traces that he could find of the two former lighthouses 
were the iron branches fixed by Eudyerd, and numerous 
traces of those fixed by Winstanley. 

On a third attempt to make the rock, Smeaton was 
foiled by the wind, which compelled him to re-land with- 
out even having got within sight of it. 

After five more days — during which the engineer was 
occupied in looking out a proper site for a work-yard,* 
and examining the granite in the neighbourhood for the 
pijrposes of the building — he made a fourth voyage, and 
although the vessel reached the rock, the wind was blowing 
so fresh and the breakers were so wild, that it was again 
found impossible to land. He could only direct the boat 
to lie off and on, for the purpose of watching the breaking 
of the sea and its action upon the reef. 

A fifth trial, made after the lapse of a week, proved no 
more successful. After rowing about all day with the 
wind ahead, the party found themselves at night about 
four miles from the Eddystone, near which they anchored 
until morning ; but wind and rain coming on, they were 
forced to return to harbour without accomplishing their 
object. The sixth attempt was successful, and on the 
22nd of April, after the lapse of seventeen days, Smeaton 
was able to effect his second landing at low water. 
After a further inspection, the party retreated to their 
sloop which lay off until the tide had fallen, when 
Smeaton again landed, and the night being perfectly still, 
he says, " I went on with my business till nine in the 
evening, having worked an hour by candle-light." 



* The work-yard eventually 
fixed upon was in a field adjacent 
to Mill Bay, situated about mid- 



way between Plymouth and De- 
vonport, behind Drake's Inland. 
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le 23rd he aglin landed and pursued his opera- 
rat this time lie vraa interrupted by the ground 
hich sent the waves high upon the reef; and, the 
ing, the sloop was forced to put back to Plymouth, 
aton had, however, during these visits, secured some 
lOurs' occupation on the rock, and taken dimensioiM 
te parts, to enable him to construct an accurate 
if the foundatioa of the proposed building. He 
>d in obtaining such measurements as he thought 
aable him to carry out his intention ; but to correct 
ndng, which he made to a scale, he determined 
tempting a seventh and final voyage of inspection 
28th of April, But again the sea was found so 
it, that a landing was impossible, 
ler fortnight passed, the weather still continuing 
Table J but meanwhile the engineer had been ma- 
lis design, and making all requisite preliminary 
nents to proceed with the work. Among the 
cilitiea required for carrying on the operations, 
provision of an improved landing-place, which he 
I as of essential importance. He also drew up a 
code of regulations for the guidance and govem- 
the artificers and others who were to be employed 
ructing the lighthouse. Having done all this, he' 
i to proceed to London, but not until he had paid 
)re visits to the rock for the purpose of correcting 
Hurements,— in one of which he got thoroughly 
I by the spray. 

B return to town, Mr. Smeaton made his report to' 
irietors, and was fully authorised by them to carry 
design which he had now matured. He accord - 
xiceeded to make a complete model of the light- 
) he intended it to be built. He thus states the 
trhich prevailed with him in undertaking the con- 
1 of this model with his own hands : " Those who 
a the practice d handling mechanical tools them- 
mt are under the necessity of applying to the 
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manual operations of others, will undoubtedly (jonclude 
that I would have saved much time by emj>loying the 
hands of others in this matter; and on the idea of the 
design being already fixed, and fully and accurately as 
well as distinctly made out — that is, supposing the thing 
done that was wanted to be done — it certainly would have 
been so ; and had I wanted a duplicate of any part, or of 
the whole, when done, I should certainly have had recourse 
to the hands of others. But such as are in the use of 
handling tools for the purpose of contrivance and inven- 
tion, will clearly see that, provided I could work w;ith as 
much facility and despatch as those I might happen to 
meet with and employ, I should save all the time and 
difficulty, and often the vexation, mistakes, and disappoint- 
ments that arise from a communication of one's own ideas 
to others ; and that when steps of invention are to follow 
one another in succession and dependence on what pre- 
ceded, under such circumstances it is not eligible to make 
use of the hands of others." 

His expertness in handling tools now proved of the 
greatest use to him. As every course of stones in it in- 
volved fresh adaptations and the invention of new forms 
to give the requisite firmness and stability to the whole, it 
is obvious that he secured greater accuracy by executing 
the work with his own hands, than if he had entrusted it 
to any model-maker to cai^ out after given dimensions 
and drawings, however accurately they might have been 
laid down upon paper. After more than two months' 
close work, the model was ready, when it was submitted 
to a meeting of the proprietors and unanimously approved ; 
as it also was by the Lords of the Admiralty, before whom 
it was afterwards laid. The engineer then set out for 
Plymouth to enter upon the necessary arrangements for 
preparing the foundations, — arranging with Mr. Eoper, a 
Dorchester, on his way, for a supply of Portland stone, of 
which it was finally determined that the lighthouse should 
be built. 
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Artificers and foremen were appointed, working com- 
panies arranged, veeaels provided for the transport of 
men and inat«rialB, work-yards hired and prepared, and 
Mr. Jessop was appointed the general aaaistant, or, as 
it is now termed, ■ the 
«nt Engineer, of 
building. Mr. 
ton himself fixed 
centre and laid 
the lines on the 
lOon of the 3rd of 
iBt, 1756, and from 
time forward the 
proceeded, though 
many interrup- 
cansed by bad 
ler and heavy 
At most, only 
; six hours' labour 
be done at a 
and when the 

in order that no 
timity should be 
^e men proceeded 

by torchlight. 

The principal 

object of the 

■t_.r_t i> . .n work done 

SecllmoISniMlop'sUgtllHraae. during the first 

season was to 
get the dovetail recesses cut out of the rock for the 
reception of the foundation-stones. To facilitate this 
process, and avoid the delay and loss of time involved 
by frequent voyages between the Eddystone and the shore, 
the ' Neptune ' buss was employed as a stcre-vessel, and rodo 
at anchor, at a convenient distance from the rock, in about ■ 
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twenty fathoms water. But, as the season advanced, it 
became more and more difficult to cany on the operations. 
For many days together the men could not land, and, even 
if they had been able to land, they must have been washed 
off the rock unless lashed to it. At such times the pro- 
visions in the 'Neptune' occasionally ran short, no boat 
being able to come off from Plymouth in consequence of 
the roughness of the weather. Towards the end of 
October, the yawl riding at the stem of the buss broke 
loose by stress of weather, and was thus lost. Mr. Smeaton 
was most anxious, however, to finish the boring of tho 
foundation-holes during that season, so as to commence 
getting in the lower courses at the beginning of the next. 
The men, therefore, still persevered when the weather 
permitted, though sometimes they were only able to labour 
for two hours out of the twenty-four. About the end of 
November, the whole of the requisite cutting in the rock 
had been accomplished without accident, and the party 
prepared to return to the yard on shore, and proceed with 
the dressing of the stones for the work of the ensuing 
year. 

The voyage of the buss to port, however, proved a very 
dangerous one, and the engineer and his men narrowly 
escaped shipwreck. Not being able, in consequence of the 
gale that v/as blowing, to make Plymouth Harbour, the 
* Neptune ' was steered for Fowey, on the coast of Cornwall. 
The wind rose higher and higher, until it blew quite 
a storm; and in the night, Smeaton, hearing a sudden 
alarm and clamour amongst the crew overhead, ran upon 
deck in his shirt to ascertain the cause. It was raining 
hard, and quite a hurricane was raging. " It being very 
dark," he says, " the first thing I saw was the horrible 
appearance of breakers almost surrounding us ; John 
Bowden, one of the seamen, crying out, ' For God's sake, 
heave hard at that rope if you mean to save your lives ! ' 
I immediately laid hold of the rope, at which he himself 
was hauling as well as the other seamen, though he was 
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also managing the helm. I not only hanled with all my 
strength, but called to and encouraged the workmen to do 
the same thing." 

The sea was now heard breaking with tremendous vio- 
lence upon the rocks. In this situation, the jibsail was 
blown to pieces, and, to save the mainsail, it was lowered, 
when fortunately the vessel obeyed the helm, and she 
rounded off. The night was so dark that nothing of the 
land could be seen, and the sailors did not know at what 
part of the coast they were ; and in this uncertainty the 
vessel's head was put round to sea again, the waves occa- 
sionally breaking quite over her. At daybreak they found 
themselves out of sight of land, and the vessel driving 
towards the Bay of Biscay. Wearing ship, they stood 
once more for the coast, and before night they sighted the 
Land's End, but could not then make the shore. Another 
night and day passed, and, a vessel corning within sight, 
signals of distress were exhibited, and from her the * Nep- 
tune* learned in what direction to steer for the Scilly 
Islands. The wind coming round, however, they bore up 
for the Land's End again, passed the Lizard, then Dead- 
man's Point, then Eame Head, and finally, after having 
been blown about at sea for four days, they came to an 
anchor in Plymouth Sound, greatly to the joy of their 
friends, who had begun to despair of their reappearance. 

The winter on shore was fully occupied in dressing 
stones for the next summer's work. Mr. Smeaton himself 
laid out all the lines on the workroom floor,* in order to 



♦ Smeaton had oonsiderable dif- 
ficulty in finding a room with a 
floor sufficiently large on which 



lines would spoil the floor. He 
was also refused the use of the 
Assembly-rooms for some similar 



to fit all the moulds together in i reason. But at length, by taking 
the order in which they were to down a partition in the coopers' 
be permanently fixed. The engi- workshops, he was eventually en- 
neer applied to the Mayor of Ply- abled to effect his purpose, with- 
mouth for the use of the Guildhall out exposing himself to further 
for the purpose, but he was refused refusals from the local magnates, 
on the pretence that the chalk- ! 



Chap. IV. SMEATON'S LIGHTHOUSE. 121 

insure the greatest possible accuracy in size and fitting. 
Nearly four hundred and fifty tons of stone were thus 
dressed by the time the weather was sufficiently favour- 
able for the commencement of the building. At the same 
time he bestowed great pains upon experiments, which he 
himself conducted, for the purpose of determining the best 
kind of cement to be used in laying the courses of the 
lighthouse, and eventually fixed upon equal quantities of 
the lime called blue lias and that called terra puzzolano, a 
sufficient supply of which he was fortunate enough to 
procure from a merchant at Plymouth, who had imported 
it on adventure, and was willing to seD it cheap. It was 
also settled to use the finest grout for the intervals between 
the upright or side joints of the dovetailed part of the 
work. 

During the early spring, Smeaton made several visits of 
inspection to the quarries where the rough stones were 
being prepared, in order to satisfy himself as to the pro- 
gress of the work. On one of such occasions a severe 
storm of thunder and lightning occurred at Lostwithiel. 
by which the church spire was shattered ; and this turned 
his attention to the best mode of protecting his lighthouse 
against a similar accident. In the mean time he trans- 
mitted an account of the storm and the effects of the 
lightning on Lostwithiel Church to the Eoyal Society, 
amongst whose papers it stands recorded.* Dr. Franklin 
had shortly before published his mode of protecting lofty 
buildings by means of conductors, and Smeaton eventually 
determined, for the security of his lighthouse, to adopt 
his plan. 

The building on the rock was fairly begun .in the 
summer of 1757, sheers having been erected and the first 
stone, of two and a quarter tons weight, having been 
landed and securely set in its place on the morning of 
Sunday the 12th of June. By the evening of the fol- 
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lowing day the first course of four stones was safely 
laid.* 

The work then proceeded from time to time, as the 
weather permitted; and the second course, of thirteen 
pieces, was completed by the 30th of the same month. 
The workmen were occasionally interrupted by ground- 
swells and heavy seas, which kept them off the rock for 
days together. At length, on the sixth course being laid, 
it was found that the building had been raised above the 
average wash of the sea, and the progress made after that 
time was much more rapid. From thence the rest of the 
structure was raised in entire regular courses. 

The manner in which the stones were prepared in the 
yard, arranged in courses, and brought off in the vessels, 
so that they could be landed in their proper order and 
fixed in their proper places, was simple and effective. 
When the separate pieces of which a course was to consist 
were hewn, they were all brought together in the work- 
yard, fitted upon the platform in the exact sites they were 
to occupy in the building, and so marked and numbered 
that they coidd readily be restored to their proper relative 
positions. So much preliminary care having been taken, 
no difficulty or confusion occurred in the use of the ma- 
terials, whilst the progress of the building was also 
greatly accelerated. For the actual details of the manner 
in which the masonry was proceeded with, we must refer 
the professional reader to Smeaton's own * Narrative,' 
which is remarkably minute, and as a whole exceedingly 
interesting. 

The careful manner in which the details of the foundation 
work were carried on is related by Smeaton at great length. 
One of his expedients is worthy of notice — the method by 



* The sloping form of the rock, 
to which the foundation of the 
building was adapted, required 
only this small number of stones 
for the lower course ; the diameter 



of the work increasing until it 
reached the upper level of the 
rock. Thus the second course 
consisted of thirteen pieces, the 
third of twenty-five, and so on. 
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flrhich ho gave additional finaneae to the Btoaes dovetailed 
into the roct, by oak-wedgee and cement iDserted between 
eaeh. To receive the wedges, two grooves were cut in the 
waist of each stone, from the top to the bottom of the 
course, an inch in depth and three inches in width. The 
carpenters dropped 
into each groove 
two of the oaken 
wedges, one upon 
its head, the other 
■with its point 
downwards, so that 
the two wedges in , 
each groove lay 
heads and points ; 
on which the one 
was easily driven 
down npon the 
other, A couple of 
wedges were also 
pitched at the top 

of each groove; doveiaiiiog. 

the dorman t wedge, 

or that with the point upward, being held in the hand, while 
the drift wedge, or that with its point downward, was driven 
with a hammer. The object of this wedging was to pro- 
serve the whole mass steady together, in opposition to the 
violent agitation of the sea. In addition to this, a couple 
of holes being bored through every piece of stone, one 
course was further bound to another by oak trenails, driven 
stiffly throtigh, and made so fast that they could more 
easily be torn asunder than pulled out again. " No assign- 
able power," says Smcaton, " less than would by main 
stress puli these trenails into two, could lift one of thrae 
stones from their beds when so fixed, exclusive of their 
natural weight, as all agitation was prevented by the 
lateral wedges." 
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Mr. Smeaton superintended the oonstmction of nearly 
the entire building. If there was any post of dangei 
from which the men shrank back, he immediately stood 
forward and took the front place. One morning in the 
summer of 1757, when heaving up the moorings of the 
buss preparatory to setting sail for the rock, the links of 
the buoy-chain came to a considerable strain upon the 
davit-roU, which was of cast iron, and they began to bend 
upon the convexity of the roll. To remedy this, Smeaton 
ordered the carpenter to cut some trenails into short pieces, 
and split each length into two, with the view of applying 
the portions betwixt the chain and the roll at the flexure 
of each link, and so relieve the strain. But some one 
said that if the chain should break anywhere between the 
roll and the tackle, the person that applied the pieces of 
wood would be in danger of being cut in two by the chaiii 
or carried overboard along with it. On this Smeaton. 
making it a rule never to require another to undertake 
what he was afraid to do himself, at once stepped forward 
and took " the post of honour," as he called it, and 
attended to the getting in of the remainder of the chain, 
link by link, uTitil the operation was completed. 

Whilst working at the rock, an accident occurred to 
him which might have been attended with serious conse- 
quences, but which merely enabled him to display his usual 
cheerful courage. The men were about to lay the centre 
stone of the seventh course on the evening of the 11th of 
August, when Mr. Smeaton was enjoying the limited pro- 
menade afforded by the level platform of stone which had 
with so much difficulty been raised ; but, making a false 
step into one of the cavities made for the joggles, and 
being unable to recover his balance, he fell from the brink 
of the work down among the rocks on the west side. The 
tide being low at the time, he speedily got upon his feet 
and at first supposed himself little hurt, but shortly after 
he found that one of his thumbs had been put out of joint. 
He reflected that he was fourteen miles from land, far 
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from a anrgeon, and that uncertain winds and waves lay 
between. He therefore determined to reduce the disloca- 
tion at once; and laying faat hold of the thumb with his 
other hand, and giving it a violent pull, it snapped into 
its place again, after which he proceeded to fix the centi-e 
stone of the building. 

The work now went steadily forward. Occasional 
damage waa done by the heavy seas washing away the 
stones, tools, and materials ; but these losses were quickly 
repaired, and by the end of the season the ninth course of 
stones had been laid complete. The following winter was 
very tempestuous. The floating light-vessel, stationed 



about two miles from the rock, was driven from its moor- 
ings by the force of the sea, but eventually got safe into 
harbour. It waa the 12th of May before another landing 
could be effected by Smeatou and Me workmen, when he was 
no less delighted than surprised fo find the entire work as 
he bad left it six: months before. Not a block had been 
moved. The cement was found to have set as hard as the 
stone if«elf, and the whole of the building which had been 
raised was one solid mass. 
The rock-tackle, with sheers and vrindlasa, having been 
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again fixed, the erection proceeded as before. The fiinda* 
mental Solid was completed by the 8th of August ; and, 
the fine weather continuing, the Solid work, which in- 
cluded the passage from the entry-door to the well-hole for 
the stairs, made great progress; until, on the 24th of 
September, 1758, the twenty-fourth course was finished, 
which completed the solid part of the pillar and formed 
the floor of the storeroom. The building had now been 
••aised thirty-five feet four inches above its base, or con- 
siderably beyond the heavy stroke of the waves. Above 
this point were to be formed the requisite apartments for 
the lighthouse-keepers. The walls of these were twenty- 
six inches thick, constructed in circles of hewn blocks, 
sixteen pieces forming each circle, all joggled and cramped, 
so as to secure perfect solidity. The stones were further 
grooved at the ends, and into the grooves tightly-fitting 
pieces (rhombs) of Purbeck marble were fixed solid with 
well-tempered mortar, making the whole perfectly firm 
and water-tight. 

While living at Plymouth, Smeaton used to come out 
upon the Hoe with his telescope, in the early grey of the 
morning, and stand gazing through it in the direction of 
the Eock. The Hoe is an elevated promenade, occupying 
a high ridge of land extending between Mill Bay and the 
entrance to the harbour, the citadel occupying its eastern 
end. It forms the sea-front of Plymouth, and overlooks 
the strikingly beautiful scenery of the Sound. St. Nicho- 
las's Island, strongly fortified, lies immediately in front of 
it ; beyond, rising green from the water's edge, is Mount 
Edgcumbe Park, with its masses of noble woods backed 
by green hills. The land juts out in rocky points on 
either side the bay, some of which are capped with forts 
and batteries; whilst in the distance lies the* magnifi- 
cent barricade of the Breakwater, midway between the 
bluffs of Eedding and Stfiddon Points, boldly interposing 
between the swell of the Sound and the long ocean waves 
rolling in from the Atlantic. 
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From the Hoe the Spanish Armada waa first dcEcried 
making for the EnglifJi coast. It -was the look-out of 
Drake, as it now was of Smeaton, but with a far different 
object. After a rough night at sea, he had no eye for 
the picturesque beauties of the Sound : his sole thought 
waa of hia lighthouse ; for though he had done all that 
human care, forethought, and skill could do, to root hia 
column firmly upon that perilous rock, he was not yet 



»iieaiao go (be Hue, IVj P. Skellon, Bad U Hatii.) 

altogether free from anxiety as to the security of the 
foundation. There were still many who persisted in 
asserting that no building erected of stone could possibly 
stand upon the Eddystono ; and, again and again, the 
engineer, in the dim grey of the morning, would come out 
and peer through his telescope at his deep-sea lamp-post 
Sometimes he had to wait long, until he could see a tal I white 
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pillar of spray shoot up into the air, and then a glimpse oi 
the column itself. Thank God ! it was still safe. Then, 
as the light grew, he could discern his building, temporary 
house and all, standing firm amidst the waters ; and, thus 
far satisfied, he could proceed to his workshops, his mind 
relieved for the day. 

The work proceeded so satisfactorily during the season 
of 1758, that Smeaton resolved to make a vigorous effort 
to get the lower storeroom completed, and a light erected 
above it for use during the ensuing winter. At the begin- 
ning of October, the twenty-eighth and twenty-ninth 
courses were laid, and very strongly secured. A groove 
was cut round their upper surfaces, in which was placed 
a circular chain of great strength. Upon each chain, when 
placed within the grooves, melted lead was poured until 
the cavities were filled up. They were thus hooped as it 
were, round the building. The reason of such excessive 
strength at this part of the work was, that these courses 
received the vaulted floor which formed the ceiling of the 
under storeroom and the floor of the upper one. 

By the 10th of October, Smeaton had nearly completed 
all the necessary arrangements for establishing a light and 
lightkeepers at the Eddystone during the ensuing winter ; 
when he received an unexpected and painful refusal from 
the Corporation of the Trinity House, to the effect that 
" on reading the Acts of Parliament, the application from 
the merchants and owners of ships, and Winstanley's nar- 
rative of the first lighthouse erected there, they are of 
opinion that a light cannot be exhibited on the Eddystone 
Rock till the lighthouse is rebuilt." Smeaton was, there- 
fore, under the necessity of erecting merely a temporary 
house over the work for its protection during the winter ; 
when he speeded off to London to finish his further 
drawings. 

The third year's operations had now ended, and the 
engineer proceeded with the designs for the iron rails of 
the balcony, the cast and wrought iron and copper works. 
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as well as with the glass for the lantern, all of which were, 
like the rest of the work, manufactured under his own 
eje. The year 1759 was so stormy that it was not befoie 
the 5th of July that the workmen eould land upon the 
rock, and recommence their building operations for the 
year ; but from this point they proceeded with great 
rapidity — the whole of the stones being now in readiness 
to be placed — so that in thirteen days two entire rooms 
with their proper coverings had been erected ; and by the 
17th of August the last pieces of the corona were set, and 
the forty-six courses of masonry were finished complete. 

The column was now erected to its specified height of 
seventy feet. The last mason's work done was the cutting 
out of the words " Laus Deo " upon the last stone set over 
the door of the lantern. Bound the upper storeroom, 
upon the course under the ceiling, had been cut, at an 
earlier period, "Except the Lord build the house, they 
labour in vain that build it." The iron work of the balcony 
and the lantern were next erected, and over all the gilt 
ball, the screws of which Smeaton fixed with his own hands, 
" that in case," he says, " any of them had not held quite 
tight and firm, the circumstance might not have been 
slipped over without my knowledge." Moreover this piece 
of work was dangerous as well as delicate, being per- 
formed at a height of some hundred and twenty feet above 
the sea. Smeaton fixed the screws while standing on four 
boards nailed together, resting on the cupola ; his assistant, 
Roger Comthwaite, placing himself on the opposite side, 
so as to balance his weight whilst he proceeded with the 
operation. 

The engineer's work was now so nearly ended, and his 
anxiety had become so great, that he could not leave it, 
but took up his abode in the lighthouse, putting his own 
hands to the finishing of the window-fittings (for skilled 
workmen were difficult to be had at the lighthouse) and 
seeing to the minutest details in the completion of tlie 
undertaking. At length the lantern was glazed, the liglit- 

II. K 
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ning-conductor fixed, the rooms were fitted up, and the 
builder looked upon the work of his hands as finished and 
complete. The light was first exhibited on the night of 
the 16th of October, 1759, and the column still stands as 
firm as on the day on which it was erected.* About three 
years after its completion, one of the most terrible storms 
ever known raged for days along the south-west coast; 
and though incalculable ruin was inflicted upon harbours 
and shipping by the hurricane, all the damage done to the 
lighthouse was repaired by a little gallipot of putty. 

The Eddystone Lighthouse has now withstood the 
storms of more than a century. Sometimes, when the sea 
rolls in with more than ordinary fury from the Atlantic, 
driven up the Channel by the force of a south-west wind, 
the lighthouse is enveloped in spray and its light is 
momentarily obscured. But again it is seen shining clear 
like a star across the waters, a warning and a guide to the 
homeward-bound. Occasionally, when struck by a strong 
wave, the water shoots up the perpendicular shaft and 
leaps quite over the lantern. At other times, a tremendous 



* Since the issue of the first towards the North-east side. This 
edition of this work, a relative of he thought an alarming thing, as 
the late General the Hon. Henry it might be the symptom of a 
Murray, K.O.B., Lieutenant-Go- settlement taking place in the 
vemor of Plymouth, has sent us i foundation. I believe he made 
the following extract from a letter I a report upon the subject. But 
of his written in 1848, relative to } happening to look into a * Life of 



the stability of Smeaton's light- 
house : — " I heard a curious thing 
mentioned the other day, but it 



Smeaton,* who constructed the 
Lighthouse, he found a record in 
his diary or journal to this effect : 



was on good authority. Mr. * This day, the Eddystone Light- 
Walker, the Harbour Master of i house has, thank God, been com- 



Plymouth, has to make an annual 
inspection of the Eddystone Light- 
nouse. Not long ago, it struck 
him as a thing to be ascertained, 



pleted. It is, I believe, perfect; 
except that it inclines a quarter* 
of-an-inch from the perpendicular 
towards the North-East;* thus. 



whether the building was exactly ; in the long lapse of time since it 
perpendicular. For this purpose was built, it stands precisely as it 
he let fall a plummet, and found | stood at the moment of its com- 
that the building was a quarter- | pleti n," 
of-an-inch off the perpen (iculary \ 
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wave Imrls itself upon the lighthouse, as if to force it from 
its foundation. The report of the shock to one within is 
like that of a cannon : the windows rattle, the doors slam, 
and the building vibrates and trembles to its very base. 
But the tremor felt throughout the lighthouse in such a 
case, instead of being a sign of weakness, is the strongest 
proof of the unity and close connection of the fabric in all 
its parts.* 

Many a heart has leapt with gladness at the cry of 
" The Eddystone in sight ! " sung out from the maintop. 
Homeward-bound ships, from far-off ports, no longer avoid 
the dreaded rock, but eagerly run for its light as the 
harbinger of safety. It might even seem as if Providence 
had placed the reef so far out at sea as the foundation for 
a beacon such as this, leaving it to man's skill and labour 
to finish His work. 

On entering the English Channel from the west and 
the south, the cautious navigator feels his way by early 
soundings on the great bank which extends from the 
Channel into the Atlantic, and these are repeated at fixed 
intervals until land is in sight. Every fathom nearer 
shore increases a ship's risks, especially in nights when, to 
use the seaman's phrase, it is " as dark as a pocket." The 
men are on the look-out, peering anxiously into the dark, 



* At first the mem appointed as out of their lives, wishing they had 
light-keepers were much alarmed never seen the place, and cursing 
by the fury of the waves during those that first persuaded them 
storms. The year after the light to go there. The fear seized them 
was exhibited, the sea raged so in the back, but rubbing them 
furiously that for twelve days to- with oil of turpentine gave them 
gether it dashed over the light- relief." Since then, custom has 
house, so that the men could not altogether banished fear from the 
open the door of the lantern. In minds of the lighthouse keepers, 
a letter addi-essed to Mr. Jessop The men become so attached to 
by the man who visited the rock their home, that Smeaton men- 
after such a storm, he says : — tions the case of one of them who 
** The house did shake as if a man was even accustomed to give up 
had been up in a great tree. The to his companions his turn for 
old men were almost frightened going on shore. 
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straining the eye to catch the glimmer of a light, and 
when it is known that " the Eddystone is in sight ! " a 
thrill runs through the ship, which can only be appre- 
ciated by those who have felt or witnessed it after long 
months of weary voyaging.* Its gleam across the waters 
has thus been a source of joy and given a sense of deep 
relief to thousands ; for the beaming of a clear light from 
one known and fixed spot is infallible in its truthfulness, 
and a safer guide for the seaman than the bearings of 
many hazy and ill-defined headlands. 

By means of similar lights, of different arrangements; 
and of various colours, fixed and revolving, erected upon 
rocks, islands, and headlands, the British Channel is now 
lit up along its whole extent, and is as safe to navigate in 
the darkest night as in the brightest sunshine. The chief 
danger is from fogs, which alike hide the lights by night 
and the land by day. Some of the homeward-bound ships 
entering the Channel from North American ports first 
make the St. Agnes Light, on the Scilly Isles, revolving 
once in a minute, at a height of 138 feet above high water. 
But most Atlantic ships keep further south, in consequence 
of the nature of the soundings about the Scilly Isles ; and 
hence they oftener make the Lizard Lights first, which are 
visible about twenty miles off. These are two in number, 
standing on the bold headland forming the most southerly 
point of the English coast, against which the sea beats 
with tremendous fury in south-westerly gales.f 



* A seaman of great experience 
who furnished us with the state- 
ment of the lights seen in going 
*' up Channel " in 1862 (for several 
alterations may have occurred 
since then), makes the following 
observations: — "I ought to say, 
with feelings of deep gratitude, 
that, notwithstanding every pre- 
caution of soundings, &c., I have, 
on two occasions, saved my ship 
by means of the Eddystone light ; 



and, without its star gleaming 
through the darkness, all on board 
must inevitably have perished. 
Thiis occurred at a time when I felt 
thoroughly master of my profes- 
sion, had first-rate officers by my 
side, and a splendid crew and 
ship ; yet, had Smeaton failsd to 
erect his lighthouse, our lot must 
have been a watery grave." 

t Since the first edition of this 
work appeared, the Wolf Bock 
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From this point the coast retires, and in the bend lie 
Falmouth (with a revolving light on St. Anthony's Point), 
Fowey, the Looes, and Plymouth Sound and Harbour ; the 
coast-line again trending southward until it juts out into 
the eea, in the bold craggy bluffs of Bolt Head and Start 
Point, on the last of which is another house with two 
lights, — one revolving, for the Channel, and another, fixed, 
to direct vessels inshore clear of the Skerries shoal. But 
between the Lizard and Start Point, which form the two 
extremities of this bend in the land of Cornwall and 
Devonshire, there lies the Eddystone Kock and Light- 
house, standing fourteen miles out from the shore, almost 
directly in front of Plymouth Sound and in the line of 
coasting vessels steaming or beating up Channel. From 
this point the Channel gradually contracts, and the way 
becomes lighted on both sides up to the Downs. 

On the south are seen the three Casquet Lights on the 
Jersey side; and on the north the two fixed lights on 
Portland Bill. The next is St. Catherine's, a brilliant 
fixed light on the extreme south point of the Isle of Wight. 
Nejct are the lights exhibited at different heights on the 
Nab, and then the single fixed light exhibited on the 
Owers vessel. Beachy Head, on the same line, exhibits a 
powerful revolving light 285 feet above high water, its 
interval of greatest brilliancy occurring every two minutes. 
Then comes Dungeness, exhibiting a fixed red light of 
great power, situated at the extremity of the low point 
of Dungeness Beach. Next are seen Folkestone, and then 
Dover, harbour lights ; whilst on the south are the flash 
light, recently stationed on the Vame Bank ; and, farther 



I ighthouse has been erected on 
a dangerous rock, situated seven 
miles south-west of Land's End, 
and about 22 miles from the Scilly 
Islands on one side, and the Lizard 
Point on the other. The extreme 



height of the masonry of the tower 
is 116 feet 6 inches, the lantern 
being 19 feet high, and 14 feet 
diameter. The lighthouse was 
erected after the plans of the late 
James Walker, C.E. 
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up Channel, on the French coast, is seen thu brilliant 
revolving light on Cape Grianen. 

The Channel is passed with the two South Forelaiid 
Lights, one higher than the other, on the left ; and the 
Dovvns are entered with the South Sandhead floating light 
on the right : and when the Gull and the North Sandhead 
floating lights have been passed on the one hand, and the 
North Foreland on the other, then the Tongue, the Trince's 
Channel, and the Girdler, are passed. • The Nore Light 
comes next in sight ; and from thence it is as easy for the 
navigator to pilot his ship up the Thames as for a foot- 
passenger to thread his way along the streets of London. 
Such, in a few words, is the admirable manner in which 
our coasts are lighted up for the guidance of the mariner, 
and such are among the benefits to navigation which 
have followed close upon Smeaton's great eoterprise — the 
building of the Eddystone Lighthouse, 
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CHAPTEB V. 

Mr. Smeaton's Employment as a Civil Engineeu. 

The completion of the Eddystone Lighthouse was regarded 
as a matter of much interest, and excited so eager a 
curiosity on the part of the public, that for some time 
Mr. Smeaton's rooms at Gray's Inn were the resort of 
numerous visitors, who called there for the purpose of in- 
specting the model of his extraordinary building- This 
at length so broke in upon his time, that he found it 
necessary to depute his wife to attend to these curious 
persons, and explain to them the details of the model. 
It does not, however, appear that his success led to hi« 
extensive employment on engineering works for several 
years, other^dse we should not have found him, in 1764, 
offering himself a candidate for the receivership of the 
Derwentwater Estates, to which office he was appointed at 
the end of that year. 

There was as yet, indeed, but small demand for con- 
structive skill. The roads were still in a very bad state, 
bridges were much wanted in most districts, and little had 
been done to provide harbour accommodation beyond what 
nature had effected. The country was too poor or too 
spiritless to undertake the improvement of the means of 
commercial intercourse on any comprehensive scale. The 
industrial enterprise of England had not yet begun ; and 
the country was content to jog along in its old paths, dis- 
playing its energies principally in warfare by land and 
sea. The victory of Wolfe on the heights of Abraham 
occurred in the same year that Smeaton completed his 
lighthouse on the Eddystone, and doubtless excited a far 
more general interest. 
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It is true the trade and commerce of the country were 
making some progress,* though both had to labour under 
serious imposts and heavy restrictions. The public ex- 
penditure was great, provisions were dear in proportion to 
wages, and food-riots were frequent; Under these circum- 
stances internal improvements, involving any considerable 
outlay, were of a very limited character. When Smeaton 
v/as called upon to examine an undrained district, or a 
dangerous and inaccessible harbour, or a decaying bridge, 
he had little difficulty in advising what was best to be 
done ; for his reports were searching, explicit, and almost 
exhaustive. But then arose the invariable impediment. 
The requisite improvements could not be executed without 
money; but money was scarce, and could not be raised. 
Hence the greater number of his reports, though con- 
taining much excellent and carefully-considered advice, 
fell dead upon the minds of those to whom they were 
addressed; and no action was taken to carry them into 
effect until the country had become richer, and a new race 
of capitalists, engineers, and contractors had sprung into 
existence. 

One of the earliest subjects on which Mr. Smeaton was 
consulted, was the opening up of river navigations. In 
1760 he reported to the magistrates of Dumfries as to the 
improvement of the Nith ; but his advice — to form a navi- 
gable canal rather than deepen and straighten the river at 
a much greater cost — was not carried out for want of 
funds. He was also consulted as to the lockage of the 
Wear, the opening up of the navigation of the Chelmer to 
Chelmsford, of the Don above Doncaster, of the Devon in 
Clackmannanshire from Melloch Foot to the Forth, of the 



♦ It may, however, be ques- 
tioned whether the trade of Eng- 
land did make progress during 
the twelve years ending 1762; 
for we find that, although the 
value of the cargoes exported in- 



creased about a million sterling 
during that period, the quantity 
exported was less by 60,000 
tons. (See *■ Chalmers's Estimate,' 
p. 131.) 
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Tetney Haven navigation near Lonth, and the improve- 
ment of the river Lea, which has been a fertile source of 
contention amongst engineers down even to our own day ; 
but it does not appear that any works of importance fol- 
lowed the elaborate advice which Smeaton gave on those 
subjects. 

The first engineering undertaking on which he was 
employed was in his own native county, where he was 
required to make extensive repairs in the dams and locks 
on the river Calder in Yorkshire. He carried out several 
essential improvements in that navigation, for the purpose 
of resisting the damage caused to the works by the rapid 
floods which swept down from Blackstone Edge. At the 
same time he was consulted as to the Aire navigation, from 
Leeds to its junction with the Ouse, which he also suc- 
ceeded in improving. 

Another subject on which he was early and often con- 
sulted was the recovery of the flooded ground in the Lincoln 
Fens, and in the low-lying lands near Doncaster and Hull, 
in Yorkshire.^ The river Witham, between Lincoln and 
Boston, was still, a source of constant grief and loss to the 
farmers along its banks. It had become choked up by 
neglect, so that not only had the navigation of the river 
become almost lost, but a large extent of otherwise valu- 
able land was constantly laid under water. In reporting 
on this subject in 1761, Mr. Smeaton was associated with 
Mr. John Grundy and Mr. Langley Edwards; and the 
result of their joint examination was an elaborate report, 
accompanied by plans, in which they clearly pointed out 
the causes of the existing evils ahd the best mode of 
remedying them. For the purpose of improving the out- 
fall, they recommended the cutting of an entirely new 
river, about twelve and a half miles in length, from a 
place called Chapel Hill to a little above Boston. They 
also at the same time recommended a plan for the drainage 
of Wildmore and West Fens by a new cut and sluice in 
place of the old Anthony's Gout, with sundry other im- 
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provements which they set forth in detail. But the total 
estimated cost being upwards of 40,000/., which was then 
considered a " mint of money ■ ' for a comparatively poor 
county to raise, the recommendation of the consulting 
engineers produced no result ; and the greater part of the 
lands remained drowned until they were effectually cleared 
of their surplus water by Mr. Kennie, about half a century 
later. 

Mr. Smeaton was also consulted, in 1762, about the 
improvement of the Fossdyke, an old cut joining the Trent 
and the Witham, which had been allowed to fall into 
decay ; but only a few pottering improvements were made, 
in lieu of the thorough measure of general drainage which 
he so strongly recommended. After the lapse of twenty 
years Mr. Smeaton was again called in, and further ad- 
vised the proprietors on the subject ; but although he then 
submitted a much more limited scheme, it was still beyond 
the capability of the county to undertake it. 

At a still later period he was consulted as to the 
drainage of the North Level of the Fens, and the improved 
outfall of the river Nene at Wisbeach. In his report on 
this subject, he went at great length into the probable 
causes of the flooding of the fens, and from these he 
reasoned out the improvements necessary for their effec- 
tual cure. The principal measure which he proposed was, 
to build a powerful outfall sluice upon the mouth of the 
Nene. In this report he brought the observations which 
he had made while on his journey through the Low 
Countries to bear upon the case ; and he argued that, as 
the outfall channels at Middlesburgh and Ostend were 
kept wholly open by sluices, the same method would 
equally apply at Wisbeach. But, like his predecessor 
Vermuyden, Smeaton did not seem sufficiently to take 
into account the different circumstances of the two tracts 
of country; and it is perhaps fortunate that his plans 
were not carried out, as subsequent experience has sho'w'n 
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that, if executed, they would most probably have proved 
failures. 

Considerable success, however, attended his operations 
in improving the drainage of the Isle of Axholme, 
originally executed by Vermuyden. The lower lying 
lands in the district had fallen into a wretched condition, 
through neglect of the river outfalls ; and when Smeaton 
was consulted as to a remedy, ho advised the diversion 
of the old river Tome, which was carried out ; and, where 
not diverted, it was widened and deepened. The result 
was satisfactory ; though, many years after, we find Mr. 
Eennie describing the drainage as still very imperfect, and 
urgently demanding an effectual remedy. 

It would occupy too much space to detail the works 
of a similar kind on which Mr. Smeaton was consulted. 
We may content ourselves with merely mentioning the 
more important, which were these: the drainage of the 
lands adjacent to the river Went, in Yorkshire ; the Earl 
of Kinnoul's lands lying along the Almond and the Tay, 
in Perthshire ; the Adling Fleet Level, at the junction of 
the Ouse and the Trent; Hotham Carrs, near Market 
Weighton; the Lewes Laughton Level, in Sussex; the 
Potterick Carr Fen, near Doncaster ; the Torksey Bridge 
Fen, near Gainsborough ; and the Holdemess I^evel, near 
Hull. These works, though of a highly useful character, 
possess but small interest in a narrative, and we therefore 
proceed to describe the undertakings of a different character 
on which our engineer was about the same time employed. 

Having fully proved his mastery of the art of construc- 
tion, and his skill in overcoming the difficulties arising 
from insecure foundations, by his erection of the Eddy- 
stone Lighthouse, he was frequently called upon for advice 
as to the repairs of old bridges, as well as the erection of 
new ones. Thus, in 1762, we find him consulted as to the 
repairs of Bristol Old Bridge ; and in the following year 
he was called upon by the Corporation of London to advise 
them as to the best means of improving, widening, and 
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enlarging Old London Bridge. Although considerable 
allerationB and improvemeBts had been made in it, the 
Ktmctiire was in a very rickety atate, and was a sonrce of 
constantly recurring alarm to the public. 

When Labelye'a New Westminster Bridge was opened 
for traffic in 1749, the defects of London Bridge became 
more apparent than ever. The Corporation even went so 
far aa to entertain a project for rebuilding it. The city 
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surveyor, however, after examining the foundations of the 
piers in 1754, declared them etill to be good, and capable 
of lasting for agea ! Hie report relieved the public anxiety 
for a time, and the old patching process went on as before. 
The bridge was atill overhung with houses on either side, 
and the roadway between them was very narrow and 

Labelye'a opinion was then taken as to the improve- 
ment of the structure, and he recommended the removal 
of the Btariings, which so blocked up the waterway as to 
cause a fall of nearly five feet between the piers, during 
the greater i>art of every tide. He also advised the 
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rsmoval of some of the piers, aa had been recommended by 
Sir Christopher Wren, and Uu-owing several of the arches 
together. The diBcusBionH of the Common Couflcil, how- 
ever, ended in the proposal to erect a new bridge at Black- 
friarB, and the removal at the same time of the houses from 
tJie old bridge, both of which measures were eventually 
carried out. The great middle pier was also removed, 
and the two adjoining locks were thrown into one by 
turning a new arch, which occupied the whole space. 
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It was now found, however, that the increased scour 
of the water passing under the new archway placed the 
adjoining piers in great peril, by washing away the bed 
of the river under their foundations. The apprehensions 
of danger were such that but few persons woiUd pass 
either over or under the bridge, and the Corporation, 
becoming alarmed, sent in all haste for Mr. Smeaton. He 
was then living at his house at Austhorpe, near Leeds, 
from whence he was summoned by express to town. On 
his airival, he proceeded to survey the bridge and examine 
the foundations which were giving way. His advice to 
the Coi-poration was, to buy back immediately the stones 
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of the City gates, which had recently been taken down 
and the materials sold, and throw them into the river 
outside the starlings, for the purpose of protecting them 
against the scour of the river. Another object of this 
measure, as explained in Smeaton's reports, was to restore 
the old dam by again raising a barrier of stones across the 
waterway, and thus increase the head of the current 
under the other arches, so as to drive the wheels, by means 
of which a considerable part of the water required for the 
supply of the City, was still raised. 

Smeaton*s recommendations were adopted as the most 
advisable course to be pursued under the circumstances; 
and horses, carts, and barges were at once set to work, and 
the stones were tumbled into the stream at the base of the 
tottering piers. By these means the destruction of the 
foundations was temporarily stayed, and the process of 
patching up the old bridge went on from time to time 
for sixty years more ; until it was at length effectually 
remedied by the erection of New London Bridge. 

In connection with the bridge works, Smeaton also 
furnished a design for a new pumping-engine, which was 
placed in the fifth arch, and worked by the rise and fall 
of the tide. Before the invention of the steam-engine, 
this was an economical though an irregular method of 
obtaining motive power. The same tides that lifted great 
ships up the river and let them down again twice in each 
day, then drove pumping-engines and even flour-mills — 
the driving-wheels turning one way as the tide rose, and 
another way as it fell.* This power was, however, shortly 
superseded by the still more economical power of steam : 
for the steam-engine, though involving a considerable 
expenditure of coal, proved cheaper in the end, because it 
was so much more certain, regular, and expeditious than 
the natural power of the tides. 

The bridges erected after Smeaton's original designs, 
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were those of Perth, Coldstream, and Banff; the only one 
which he erected in England being at Hexham, in 
Northumberland, which proved a failure. He was con- 
sulted about the new bridge at Perth as early as the year 
1763, when he visited the place, fixed upon the best site 
for the structure, and afterwards furnished the design, 
which was carried into effect. The river Tay being 
subject to sudden floods — in one of which a former bridge 
had been swept away — it was necessary to take every pre- 
caution with the foundations, which were got in by means 
of coffer-dams. That is, a row of piles was driven into 
the bed of the river, on which a quantity of " gravel and 
even mould earth mixed together" was thrown in all 
round the piles, with a view to render the enclosed space 
impervious to water. Pumping power was then applied, 
and the bed of the river was laid dry within the coffer- 
dam thus formed, after which the gravel or clay was dug 
out to a proper depth, until a solid foundation was secured 
for the piers. Piles were driven into the earth under the 
intended foundation-frame, and the building proceeded 
upward in the usual way.* The bridge is a handsome 
structure, consisting of seven principal arches, and is about 
900 feet in length, including the approaches. It was 
completed and opened for traffic in 1772, and has proved 
of great service to the locality. 

Smeaton's employment at Perth on this occasion in 
troduced him to a considerable amount of engineering 
business in the North. He was consulted at Edinburgh 
respecting the improved supply of water for that city, 
and at Glasgow about the security of its old bridge. But 
the most important work on which he was employed in 
Scotland, about this time, was the designing and construc- 



* It may be worthy of remark 
that John Gwin, the person recom- 
mended by Smeaton to conduct 
the trial borings for the founda- 
tioufl, took with him two expe- 



rienced men from England to con- 
duct the works, stipulating that 
they should each receive wages at 
the rate of 14«. a week. 
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tion of the Forth and Clyde Canal for (jonnecting the 
navigation of the eastern and Western seas. The success 
of the Duke of Bridgewater*s Canal had directed public 
attention in all parts of the kingdom to the formation of 
similar lines of internal communication; and the move- 
ment had also extended to Scotland. 

James AVatt, then carrying on a small business as a 
mathematical instrument maker in Glasgow, had been 
employed to survey a " ditch canal," of a very limited 
capacity, by a round-al)oat route, through the Perthshire 
lochs ; but his genius being as yet unrecognised, the 
projectors thought it desirable to call in an engineer of 
higher standing, and Smeaton was accordingly consulted 
by them in 1764. He had before been employed to 
examine the Grand Trunk line, as surveyed by Brindley, 
and his report on the subject was regarded as a very able 
one. Brindley was also consulted respecting the Forth 
and Clyde scheme, but his time was so much occupied 
with the projects which he was engaged in carrying out 
in the western counties of England, that he could not 
undertake the working survey ; and it was accordingly 
placed in the hands of Smeaton. He reported upon the 
several schemes which had been proposed for connecting 
the Forth with the Clyde, and advocated the plan which 
in his judgment was the best calculated to carry out the 
intentions of the projectors. He declared himself in favour 
of forming the most direct line across the country between 
the two Friths, of such a capacity as to accommodate 
vessels of large burden. 

Lord Dundas, the leading promoter of the scheme, adopt- 
ing the view put forward by the engineer, took the 
requisite steps to obtain an Act authorising the construc- 
tion of the Forth and Clyde Canal, which passed accord- 
ingly, and the works were commenced in 1768. The canal 
runs almost parallel with the line of the wall of Antoninus, 
built by the Komans to restrain the incursions of the 
Caledonian tribes, many vestiges of which are still traceable 
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along the canal, and at Bowling,* the point at which the 
main canal joins the Clyde, a few miles below Glasgow. 

The canal is about 38 miles in length, and includes 39 
locks with a rise of 156 feet from the sea to the summit 
level. It was one of the most difficult works of the kind 
w^hich had, up to that time, been constructed in the 
kingdom. The engineer had to encounter numerous rocks 
and quicksands. The canal in some places passed over 
deep rivers, and at others along embankments more than 
20 feet high. It crossed many roads and rivulets, and two 
rivers, the Luggio and the Kelvin, — the bridge over the 
latter being 275 feet long and 68 feet high. The depth 
of the canal was 8 feet, and vessels of 19 feet beam and 
68 feet keel were capable of easily passing through it, 
between the east and west coasts. 

Although the total cost of the undertaking was estimated 
at only about 150,000Z., and the important uses of the 
navigation were unquestionable, the greatest difficulty was 
experienced in raising the requisite funds; and long 
before the canal could be opened to the Clyde, the works 
came to a complete stand-still. Twenty years passed before 
the money could be raised to finish them, and this was 
only effected by the aid of a public grant. At length the 
canal was opened in 1790, having been finished by Mr. 
Whitworth (one of Brindley's pupils), and the opening of 
the communication between the eastern and western oceans 
was celebrated with great rejoicings, — the Chairman of 
the Canal Committee performing the feat by launching a 
hogshead of water brought from the Forth into the Clyde. 

Mr. Smeaton was next employed to build a bridge across 
the Tweed at Coldstream. He furnished several designs, 
and that eventually selected by the trustees was executed 
under his superintendence. It consisted of five principal 
arches of the segment of a circle, the centre one being 60 



♦ The traces of the wall and 
ditch of Antoninus, are still ex- 
tremely distinct at many places 



between Boroughstoness and Glas- 
gow — more particularly at Kirk- 
intillock and Castlecury. 



m. ^ 
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feet 8 incbes from pier to pier ; the two next, 60 feet 5 
inches ; and the two land or aide arches, 58 feet. The 
design presents no features worthy of special notice, nor 
was any unusual diiEculty experienced in getting in the 
fotmdations. The piers were founded on piles driven deep 
into the bottom of the river ; and the building, where 
beneatli the level of the stream, was carried on, as at Perth, 
within cofier-dams. To give additional protection to the 
piers daring winter time, when heavy floods sweep down 
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the valley of the Tweed, they were surrounded by strong 
sheet-piling,* as well as by rubble slopes pointing up- 



■ Sheet-piling o . . . . 

of timber* driven firmly side by | water. Cast iron is now employed 
side into the earth, and i^ used in many cases for the e: 
for the protection of foundattOQ' | pose, instead of timber. 
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stream. The bridge was finished at a total cost of about 
6000Z., and was opened for carriage trafl&c in October 1766, 
having been rather more than three years in building. 

Whilst engaged on his engineering business in Scotland, 
Mr. Smeaton formed the acquaintance of Dr. Koebuck, the 
enterprising but unfortunate projector of the Carron Iron 
Works, near Falkirk. That gentleman was one of the 
first who attempted to develope the iron trade of Scot- 
land, which has since become so important. He was then 
engaged in the double task of carrying on iron works at 
Carron and working coal-mines at Borrowstonness. Dr. 
Koebuck was a man full of expedients, and possessed an 
uncommon knowledge of mechanics. Smeaton was a 
kindred spirit, whom he very early sought out and invited 
to his house at Kinneil, near Borrowstonness, for the 
purpose of consulting him as to the pumping machinery 
of his mines, and the various arrangements of his iron 
manufactory at Carron. 

Dr. Koebuck was one of the first to employ coal in iron- 
smelting on a large scale, and for that purpose he required 
the aid of the most powerful blowing apparatus that could 
be procured. Mr. Smeaton succeeded in contriving and 
fixing for him, about the year 1768, a highly effective 
machine of this kind, driven by a water-wheel.* He also 
supplied the same Company with a design for a double- 
boring mill for cylinders and guns — the manufacture of 
carronades, or " smashers," having been an early branch of 
the business at Carron Works. At the same time Smeaton 



* The author endeavoured to 
obtain an inspection of this long- 
disused apparatus, for the purposes 
of this work, in the autumn of 
1858 ; but the reply of the mana- 
ger was, "Na, na, it canna be 
allooed — we canna be fashed wi* 
straingers here." Bums, the poet, 
also attempted, in vain, to visit 
Carron Works in 1787 ; and after- 



wards wrote the following lines 
"on a Window of the Inn at 
Carron :" — 

. We cam na here to view your warks 
In hopes to be mair wise, 

But only, lest we gang to h , 

It may be nae surprise : 

But whan we tirled at your door. 

Your porter dought na hear us; 
Sae may^ should we to h — 's yetts come. 

Tour billy Satan sair ui! 

L 2 
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pointed out how the water power of the little river Carron 
might be so concentrated and increased by damming, as to 
work the apparatus he contrived with the greatest possible 
effect. He was afterwards repeatedly consulted \>j the 
Carron Company as to the manufactures carried on at the 
works — such as the making of shot-moulds, the best form of 
slide-carriages for guns, the construction of fdmaces, and 
such like matters, of which the plans and descriptive 
details are to be found in his pubHshed reports.* 

Another fine bridge, of which Smeaton furnished the 
design in the year 1772, was that subsequently erected 
over the river Deveron, near the town of Banff, in Scotland. 
It is of seven arches, segments of circles, and is of the 
total length of 410 feet between the abutments, with a 
roadway 20 feet wide over all. The design is similar in 
most respects to those of the bridges previously erected by 
the same engineer at Perth and Coldstream ; and the beauty 
of its situation, in the immediate vicinity of Duff House, 
the mansion of the Earl of Fife, and its noble surrounding 
grounds, render it an object of even greater pictorial 
intefrest. 

The only peculiarity to be noted in the designs of 
Smeaton's bridges, is the circular perforations left in the 
spandrels of the arches, somewhat after the method adopted 
by Edwards at Pont-y-Pridd, and in several Continental 
bridges. This had the effect of lightening the weight 
which pressed upon the piers and on their foundations, 
and was doubtless an advantage. He also invariably 
adopted segmental or elliptical in preference to semi-cir- 
cular arches, probably because of the less cost of bridges 
after the former design. Much ability was displayed by 
our engineer in the designing of his centres, which have 
been much admired for their strength as well as economy 
of material, 



* * Reports of tno late John 
Smeaton, F.B.S. n 3 yols. 



London 1812. Vol. i., pp. 359- 
412. 
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Smeaton was much less successful in the construction of 
his only English bridge, than he was with his Scotch ones. 
He was called upon to furnish the design for a structure 
across the Tyne at Hexham, in 1777, and a very hand- 
some bridge of nine arches was erected, under the super- 
intendence of Mr. Pickemell, the resident engineer. It 
had scarcely been finished ere a subsidence in the founda- 
tions of one of the piers took place, which was attempted 
to be remedied by sheet-piling and filling up the cavities 
in the river's bed with rough rubble-stones. But it appeared 
that the foundations had been imperfectly laid from the 
beginning. In the spring of 1782 a violent spate swept 
down the Tyne, and in the course of a few hours Smeaton's 
beautiful Hexham Bridge lay a wreck in the bottom of the 
river. 

Writing to Pickemell, he said, — " All our honours are 
now in the dust ! It cannot now be said that in the course 
of thirty years' practice, and engaged in some of the most 
difficult enterprises, not one of Smeaton's works has failed I 
Hexham Bridge is a melancholy instance to the contrary." 
Thus the same engineer who had founded a lighthouse far 
out at sea, so firmly as to bid defiance to the utmost fury 
of the waves, was baffled by an inland stream. " The news 
came to me," he says, " like a thunderbolt, as it was a stroke 
I least expected, and even yet I can scarcely form a practical 
belief as to its reality. There is, however, one consolation 
that attends this great misfortune, and that is, that I cannot 
see that anybody is really to blame, or that anybody is 
blamed ; as we all did our best, according to what appeared ; 
and all the experience I have gained is, not to attempt to 
build a bridge upon a gravel bottom in a river subject 
to such violent rapidity." 

The fault committed seems to have been, that Smeaton 
was satisfied with setting his piers upon a crust of gravel 
slightly beneath the bottom level of the river, and that 
the increased scour of the stream under the arches, caused 
by the contraction of "the water-way, had washed away the 
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bottom, and thus undermined the work,* But the founding 
of piera in deep rivers was as yet very imperfectly under- 
stood ; and the art waa not brought to its perfection until 
the time of Reuuie, who went down through the bed of tha 
river, for beneath all posgible scour, until he had reached a 



solid foundation, which he alao piled, and on that secure 
basis he planted the strong masoniy of his piers. 

Among his various works, Smeaton was also employed 



bottom, and nill there exert a 
more powerful action. It will, 
therefore, be below the contracted 
way that the oorrent will tend 
more partioulBrlj to hollow out 
the bed, and to undermine the 
masonry which confines it. The 
contraction which occurs at the 
entrance of each of the arches of 
a bridge, occsaioos there not only 
one, or, more often, two superficial 
coDTerging currents, but also, it 
onuses inferior currenti, thought 
to be more rapid aud injuiious 



* Not only is the surface of a 
fluid mass which passes between 
two piers, aud within an; narrow- 
ing of the bed in general, raiaed 
on the up-stream side, as we have 
just seen, but it is also lowered in 
the narrow space, and even a little 
beyond. In consequence of the 
total fall, the water a little below 
the narrow space possesses a ye- 
locity sensibly greater than before. 
With this greater velocity, a 
greater inclination anda less depth. 
It will more easily reach the 
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in the deeigning of harlxnirB. With the exception, how- 
ever, of Bamsgate, theso were for the most part confined 
to the improvement of the existing accommodation. At 
St. Ives, in Cornwall, where he formed his first harboor, 
in 1766, nature had provided a convenient haven, enclosed 
in a bay between two headlands, one of which was formed 
by " the Island." and the other br Fenolver Point, as shown 
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in the preceding plan. It was well protected from the 
north, west, and sonth, and from the prevalent storms along 
the coast, which mostly blow from a south-westerly direc- 
tion. All that was wanted to give shelter for shipping 
from the remaining quarters, the east and north-east, was 
the provision of a pier running nearly south from Castle 
Point, The works were carried out after Smeaton's design ; 
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and as the port is the seat of considerable trade, arising 
from the pilchard fishery and the mining operations of the 
country inland, the facilities thereby provided for shipping, 
and the protection to navigation along the coast, proved 
of great advantage to the district. 

Our engineer was also consulted respecting numerous 
othei harbours: Whitehaven, Workington, and Bristol, 
on the west coast ; Christchurch, Eye, and Dover, on the 
south; and Yarmouth, Lynn, Scarborough, and Sunder- 
land, on the east ; but in nearly every case, want of money 
prevented the improvements suggested by him from being 
fully carried out. This was pre-eminently the case at 
Bristol, where the merchants gave him an unanimous 
" vote of thanks " for his report and plan for keeping the 
ships at the quay constantly afloat by docking the river, 
and also for enlarging the harbour by a new canal through 
Cannon's Marsh. But nothing was done. The Bristol 
vessels continued to lie upon the mud and get " hogged ; " 
and a considerable time elapsed before the commercial 
interests became alive to the necessity of improving the 
conveniences of the harbour. This was eventually accom- 
plished by William Jessop, a pupil of Smeaton's, but not 
until Liverpool had taken the lead of Bristol among the 
western ports, because of the convenient accommodation 
which it had provided for ^shipping, as well as on account 
of its more ready connection with the best markets. 

The principal harbour works actually executed by Mr. 
Smeaton were those of Kamsgate. The proximity of this 
harbour to the Downs and the mouth of the Thames ren- 
dered it of considerable importance ; and its improvement 
for purposes of trade, as well as for the shelter of distressed 
vessels in stormy weather, was long regarded as a matter of 
almost national importance. The neighbourhood of Sand- 
wich was first proposed for a harbour of refuge as early as 
the reign of Queen Elizabeth, and the subject was revived 
in succeeding reigns. La 1737, Labelye, the architect of 
Westminster Bridge, was called upon to investigate the 
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subject ; and ten years Iat«r, a Committee of the House of 
Commons, after taking full evidence and obtaining every 
information, reported that " a safe and commodious har- 
bour may be made into the Downs near Sandown Castle, 
fit for the reception and security of large merchantmen 
and ships of war, which would also be of great advantage 
to the naval power of Great Britain." 

The estimated cost of the proposed harbour was, how- 
ever, considered too formidable, although it was under half 



a million; and the project lay dormant until a violent 
storm occurred in the Downs in 1748, by which a great 
number of ships were forced from their anchors and driven 
on shore. Several vessels, however, found safety in the 
little haven at Eamagate, which was then need only by 
fishermen, the whole extent of its harbour accommodation 
consisting merely of a rough nibble pier. 

This circumstance seems to have had the effect of direct- 
ing attention to Eamsgate as the proper place for a harbour 
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of refuge for veasols in difitress from bad weather in the 
Downa. The Legislature was petitioned on the subject, 
and an Act was passed in 1749, enabling a harbour to be 



Runsgats Earbour. [Bj Perdvta Skeltao, afUr dIb oilglul Unwinc.] 

constructed at Kamsgate. A large number of plana was 
sent in, from which the Trustees made selections, adopting 
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the east stone pier of one amateur, and the west wooden 
one of another. The plan of the east pier was made by 
one of the Trustees, and that of the west pier by a captain 
resident at Margate. Whilst the works were in progress, 
the Harbour Trustees proposed to reduce its area, and con- 
sequently the extent of accommodation for shipping. 

On this decision becoming known, the shipping interest 
memorialised Parliament on the subject, in 1766, and an 
inspection of the works was ordered, during which they 
were entirely suspended, and remained in that state during 
the next six years. Differences arose between the officers 
appointed by the Government and the Harbour Trustees 
as to the plan most proper to lie carried out. At length 
the Trustees gave way, and that part of the works which 
had been executed with a view to the contraction of the 
harbour was taken up, and the piers proceeded in the 
direction originally intended. It was, however, a matter 
of great vexation to observe that even while the construc- 
tion of the piers was in progress, and especially when they 
were carried out so far as to bend towards each other, with 
the object of affording the requisite protection to the ship- 
ping within them, large quantities of sand and silt began 
to collect in the harbour, threatening to choke it up alto- 
gether. And this accumulation of silt went on, notwith- 
standing every effort made to remove it. 

At this juncture Mr. Smeaton was, in 1774, called upon 
to advise the Harbour Board as to the steps most proper 
to be taken in the matter. After a careful examination, 
he ascertained that no less than 268,700 cubic yards of 
sand and mud had already silted up, every tide bringing 
in a fresh quantity and depositing it in the still water of 
the harbour, which was without any natural scour to carry 
it away. He accordingly recommended a plan for accom- 
plishing this object by means of sluices, supplied by an 
artificial backwater. He pointed out that Ramsgate Har- 
bour, having a sound bottom of chalk, was well adapted 
for the execution of this scheme, and that provided the silt 
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could be thus scoured out, the tide, running cross-ways 
upon the harbour's mouth, would easily carry it away. 
Mr. Smeaton accordingly accompanied his report with a 
plan showing the details of his design. He proposed to 
enclose two spaces of four acres each, and to provide them 
with nine draw-gates : four upon the westernmost, and five 
upon the easternmost basin, the whole being pointed in 
three diflferent directions : two towards the curve of the^ 
western pier, four towards the harbour's mouth, and three 
towards the curve in the eastern pier. To give the sluices 
all possible effect, he proposed to construct a caisson, shaped 
something like the pier of a bridge, which, being floated 
to its place, and then sunk, might be used to direct the 
current to the right hand or the left according to circum- 
stances. Several experiments having been made with a 
lighter filled with water and scuttled when the tide was 
out^ the efficacy of the scouring process was thus ascer- 
tained. It was finally resolved to adopt the general features 
of Smeaton's plan, though it was not carried out in the 
exact manner designed by him. But it was shortly found 
that the process of sluicing endangered the foundations of 
the piers. 

Our engineer was accordingly again called in, when he 
recommended further improvements, including a new dock, 
the first stone of which was laid in July 1784. In the 
course of the excavations numerous springs were tapped, 
which broke through the pavement with which the dock 
had been laid, and Portland blocks were then substituted ; 
but this not proving effectual, the engineer was again sent 
for, and from that time forward the execution of the further 
works in connection with the harbour was placed entirely 
in his hands. The dock was rebuilt, a timber floor laid in 
the most complete manner throughout, and an additional 
thickness given to the walls. The east pier was rebuilt of 
stone, and carried out into deep water to a farther extent 
of 350 feet. 

In carrying out the elongated pier, Smeaton first em- 
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ployed the diving-bell in building the foundations, making 
use of a square wooden chest, partly 'of iron, weighing 
about half a ton. It was 4 feet 6 inches in height and 
length, and 3 feet wide, affording room for two men to 
work in it ; and they were provided with a constant supply 
of fresh air by means of a forcing pump placed in a boat 
which floated above them. 

The works, when finished, were found to answer re- 
markably well. The harbour included an area of forty-two 
acres, the piers extending 1310 feet into the sea, the opening 
between the pier-heads being 200 feet in width. The inner 
basin is used as a wet dock, and also contains a dry dock 
for the repair of ships. With its many defects, and its 
limited depth, the harbour is nevertheless the best upon 
that coast, and in stormy weather affords a refuge to vessels 
of considerable draught of water that run for protection 
there at high tide. 

Besides the harbours constructed or improved by him at 
different points of the English coast, Smeaton was fre- 
quently employed during his Scotch journeys in inspecting 
the northern harbours and advising the local authorities as 
to the means of increasing their security and accommoda- 
tion. Thus the harbour at Aberdeen was altered after his 
plans in 1770, and a greater depth of water was secured 
over the bar and in the channel of the river Dee, by the 
erection of the old North Pier, and other additions which 
served their purpose, until the enlarged trade of the town 
required the more ample accommodation hereafter to be 
described in the Life of Telford. He also inspected and 
reported on the harbours of Dundee and Dunbar, then of 
very limited capacity, and several improvements of a minor 
character were carried out by his advice. The small har- 
bours of Portpatrick on the west, and Eyemouth on the 
east coast, were constructed after his plans; and in his 
report on Scarborough Pier, dated August 1781, he states 
that they had " given entire satisfaction." 

Both of these harbours were in a great measure formed 
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by nature, and the improvement of them demanded com- 
paratively email skill on the part of the engineer. He had 
merely to follow the direction of the rocks, which provided 
a natural foundation for his piers at both places. Of his 
little harbour at Eyemontli ho was somewhat proud, as it 
was one of the first he constructed, and it very effectually 
answered its purpose at a comparatively small outlay of 
money. It lies at the comer of a bay, opposite St, Abb's 
Head on the coast of Berwickshire, and is almost land- 



locked, excepting from the north. Smeaton accordingly 
carried his north pier into deep water for the purpose of 
protecting the harbour's month from that quarter, as well 
as enlarging the accommodation of the haven. The har- 
bour was thus rendered perfectly safe in all winds, and 
proved of great convenience and safety t« the fishing-craft 
that chiefly frequent it. 

It would occupy too much space to refer in detail to the 
various other public works on which Mr. Smeaton was 
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employed in the course of his profesHional career. There 
was scarcely a crazy old bridge in the kingdom on which 
he was not called upon to report. He was consulted 
respecting canal projects almost until the close of his life: 
amongst others, on the improvement of the Birmingham 
Canal, the Ure Canal, the Dublin Grand Canal, and v 



Ejemoulb Hartaur. [By B. P. Ullcli.] 

other schemes of the same sort. He was the principal 
authority on lighthouHes ; and, amongst others, he erected 
two on Spurn Point, at the entrance to the Humber, between 
the years 1771-6, which had before been lighted by coal- 
fires. Tie Government consulted him respecting their 
dockyards at Plymouth and Portsmouth. Water companies 
consulted him as to water supply, and landowners and 
coalownere as to the best method of draining their lands 
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or working their mines. He was called upon to design 
many weirs, sluices, and dams, and his dam on the Coquet, 
north of Newcastle, was considered one of the most com- 
plete works of its kind. 

He was ready to supply a design of any new machine, 
from a ship's pump or a fire-bucket to a turning-lathe or a 
steam-engine. His machinery was neatly designed, and 
he was very particular as to its careful execution and 
finish. The water-pumping engine which he erected for 
Lord Irwin, at Temple Newsam, near his own house at 
Austhorpe, to pump the water for the supply of the man- 
sion, is an admirable piece of workmanship, and continues 
at this day in good working condition. 

His advice was especially sought on subjects connected 
with mill-work, water-pumping, and engineering of every 
description — flour-mills and powder-mills, wind-mills and 
water-mills, fulling-mills and flint-mills, blade-mills and 
forge hammer mills. From a list left by him in his own 
handwriting, it appears that he designed and erected forty- 
three water-mills of various kinds, besides numerous wind- 
mills. Water-power was then used for nearly all purposes 
for which steam is now applied — such as grinding flour, 
sawing wood, boring and hammering iron, fulling cloth, 
rolling copper, and driving all kinds of machinery. 

Smeaton also bestowed much patient study on the de- 
velopment of the infant powers of the steam-engine. In 
order to investigate the subject by experiment, he expressly 
erected a model engine, after Newcomen's principle, at 
his house at Austhorpe; and by improving it in all its 
arrangements, he succeeded in rendering it as complete 
as it was possible to make it — his Chacewater engine of 
150-horse power being regarded as the finest and most 
powerful of its kind which had until then been erected. 

Mr. Farey says of his labours in this respect ; — " Although 
Mr, Smeaton did not add anything to the invention of 
Newcomen, he established just proportions for engines 
of all sizes ; and the performance of the engines he con- 
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stmcted greatly exceeded the common sort, as they had 
been usually made before his time." * 

In this field of invention, however, he found himself 
distanced by Watt, the superior merit of whose condensing- 
engine — ^notwithstanding the time and labour Smeaton had 
bestowed on the improvement of Newcomen*s — he gene- 
rously acknowledged; frankly admitting, after he had 
inspected Watt's invention, that "the old engine, even 
when made to do its best, was now driven from every place 
where fuel could be considered of any value." 

The fame of Smeaton, therefore, does not rest upon his 
improvements in this machine, though what he accom- 
plished in bringing out the full powers of Newcomen's 
engine cannot fail to elicit the admiration of the practical 
mechanic. 



Farey's * Treatise on the Steam-engine,* p. 134 
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CHAPTEE VI. 

Smeaton's Privatb Life — Death and Chakacter. 

Whii^t Mr. SmeatoQ was thus extensively employed ae an 
engineer thronghont the three kingdoms, his home con- 
tinued to be at Austhorpe, near Leede, where he had been 
bom. The mechanical experiments of his boyhood had 
been conducted there, as well as those of his maturer 
years. His father had allowed him the privilege of a work- 
shop in an outhonse, which he long continued to ocoupy ; 
after which, when the house had become his settled homo, 
he erected a shop, study, and obBervatory, all in one, for 
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Ids o^n special use. The building was in the form of a 
square tower, four storeys high, standing apai*t from his 
dwelling, on the opposite side of the yard, as represented 
on the annexed engraving. The ground-floor contained his 
forge ; the first floor his lathe ; the second his models ; the 
third was his drawing-room and study ; and the fourth was 
the attic, which was used as a lumber-room. From the 
little turreted staircase at the top, a door opened on to the 
leads. A vane was fixed on the summit, which Worked 
the hands of a dial on the ceiling of Smeaton's drawing- 
i"oom, so that by raising his head he could at any moment 
ascertain precisely which way the wind blew. 

When he entered his sanctum, strict orders were given 
that he was not to be disturbed on any account. No one 
was permitted to ascend the circular staircase which led to 
his study. When he heard a footstep below, he would 
call out and inquire what was wanted. His blacksmith, 
Waddington, was not allowed even to announce himself, 
but was ordered on all occasions to wait in the lower 
apartment until Mr. Smeaton came down ; and as the smith 
was equally paid for his time, whether he was sitting there 
or blowing his forge, it was much the same to him. 

When not engaged in drawing plans or writing reports, 
the engineer's time was principally occupied with astro- 
nomical studies and observations. Even in the height of 
his professional career, and when fully employed, he con- 
tinued to indulge in this solitary pleasure, and for many 
years he was a regular contributor of papers on astronomical 
subjects to the Eoyal Society.* The instruments with 



♦ The following are the papers 
read by him before the Boyal So- 
ciety, in addition to those pre- 
viously mentioned : — * Discourse 
ooncerningthe Menstrual Parallax, 
arising from the mutual gravita- 
tion of the earth and moon, its in- 
fluence on the observation of the 
sun and planets, with a method of 



observing it;* read before the 
Boyal Society May 12th, 1768.— 
* Description of a new method of 
observing the heavenly bodies out 
of the meridian I ' read May 16th, 
1768.— * Observation of a Solar 
Eclipse, made at the Observatory 
at Austhorpe;' read June 4th, 
1769. — *A description of a new 
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whicli lie was accTistomed to illustrate his papers, were 
of the most beautiful workmanship, all made by his own 
hands, which had by no means lost their cunning. Indeed, 
he was nowhere so happy as in his workshop amongst his 
tc^ols, except it might be at his own fireside, where he was 
all but worshipped. 

His contrivances of tools were endless, and he was per- 
petually inventing and making new ones. There are large 
quantities of these interesting relics still in existence in 
the possession of the son of the blacksmith, who lives in 
the neighbourhood. When the author lately made inquiry 
after them, they were, found laid in a heap in an open shed, 
covered with dirt and rust. One article, after having been 
well scrubbed with a broom, at length displayed the form 
of a jack-plane, the tool with which Smeaton himself had 
worked. Picked out from the heap were also found his 
drill, the bow formed of a thick piece of cane ; his trace, 
his T square, his augurs, his gouges, and his engraving 
tools. There was no end of curiously arranged dividers ; 
pulleys in large numbers, and of various sizes ; cog-wheels ; 
brass hemispheres; and all manner of measured, drilled, 
framed, and jointed brass-work. 

His lathe is still in the possession of Mr. Mathers, 



hygrometer, by Mr. J. Smeaton, 
F.R.S.;* read March 21st, 1771.— 
*' An experimental examination of 
the quantity and proportion of 
mechanic power necessary to be 
employed in giving different de- 
grees of velocity to heavy bodies 
from a state of rest;' read April 
25th, 1776. — *New fundamental 
experiments on the collision of 
bodies;* read April 18th, 1782.— 

* Observations on the graduation 
of astronomical instruments;' 
read November 17th, 1785.— 

* Account of an observation of the 
right ascension and declination of 
Mercury out of the meridian, near 



his greatest elongation, September, 
1786, made by Mr. John Smeaton, 
with an equatorial micrometer of 
his own invention and workman- 
ship, accompanied with an inves- 
tigation of a method of allowing 
for refraction in such kind of ob- 
servations;* read June 27th, 
1787. — ' Description of an improve- 
ment in the application of the 
quadrant of altitude to a celestial 
globe, for the resolution of pro- 
blems dependent on azimuth and 
altitude;* read November 20th, 
1788. — * Description of a n§w hy- 
grometer;* read before the same 
Society. 



engineer, Hnnelet;* but many of the other intereating 
remains of the great eagineer are equally ■worthy of pre- 
servation. To meohanicB, there ia a meaning in every one 
of them. They do not resemble existing tools, but you can 
at once observe that each was 
made for a certain reason; 
and one can almost detect 
what the contriver was 
thinking about, when he 
made them so different horn 
those we are now accustomed 
to see. 

Even in the most trifling 
matters, — snch as the kind 
of wood or metal used, the 
direction of the fibre of the 
wood, and such like, — each 
detail has been carefully 
studied. Much even of the 
household furniture seems to 
have been employed in their 
fabrication, possibly to the 
occasional amazement of the 
ladies in Smoaton's house 
over the way. We are informed that so much " rubbish," 
ae it was termed, was found in that square tower at his 
death, that a fire was kindled in the yard, and a vast 
quantity of papers, letters, books, plane, tools, and scraps 
of all kinds, were remorselessly burnt. 



Siii»b)n'> Luhe. 



■ The lathe standa on three 
legB, irhich are faBlened together 
in such a way that they, aa well 
as the rest of the fiamework, are 
still OS firm aa if tbey had been 
only just mode, and yet the ma- 
ohine baa been In uso ever since 
SmeatOQ made it. The fly-wheel 
i» of dark walnut-wnod, and 
Bllgbtly inclines from the perpen- > 



dicular, by which the drivings 
cord is allowed to be crossed and 
to play witli a greater amount of 
friction on the other wheels. The 
metal-woik le of braaa, iron, and 
atecl, all nicely finished; and 
the whole ia very compact, curi- 
ous, and tboroughl; Smeatoa- 
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We have said that Smeaton was a bom mechanic ; ai;d 
a mechanic he remained to the last. He contrived and con- 
structed from pure love of invention. Among the traditions 
which survive about him at Whitkirk, is this, that when 
new gates were erected at the entrances to Temple Newsam 
Park, near his house at Austhorpe, he volunteered to supply 
the designs, and they were made and hung after his plans. 
He also contrived a threshing-machine; the grain being 
rubbed out of the ear by means of a number of nails fixed 
in a continuous wooden belt. The people of the neigh- 
bourhood, however, think that his most wonderful work is 
the ingenious hydraulic ram, contrived by himself, by means 
of which the water is still raised in the grounds of Temple 
Kewsam. 

His pursuits in his workshop, and at his desk, were 
varied by visits to his blacksmith's shop. One of his prin- 
cipal objects, on such occasions, was to experiment upon a 
boiler — the lower part copper and the upper part lead — 
which he had fitted up in an adjoining building, for the 
purpose of ascertaining the evaporative power of different 
kinds of fuel, and other points connected with the then 
little understood question of steam power. He was on very 
familiar terms with the smith, and if he thought him not 
very handy about a piece of work he was engaged upon, 
he would take the tools himself and point out how it should 
be done. One of the maxims which he frequently quoted 
to his smith was, " Never let a file come where a hammer 
can go." 

When getting work done in other parts of the country, 
if a workman appeared to him unhandy, or at a loss how 
to proceed, he would take up the tools and finish the piece 
of work himself. " You know. Sir," observed the son of 
Smeaton*s blacksmith, still living, " workmen didn't know 
much about drawings at that time a-day, and so when Mr. 
Smeaton wanted any queer-fangled thing making, he'd cut 
one piece out o' wood, and say to my father, * Now, lad, go 
make me this.' And so on for ever so many pieces ; and 
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then he'd stick all those pieces o* wood together, and say, 
* Kow, lad, thou knows how thou made each part, go mak 
it now all in a piece.' And I've heard my father say, 'at 
he's often been cap't to know how he could tell so soon 
when owt ailed it, for before ever he set his foot at t' 
bottom of his twisting steps, or before my father could get 
sight of his face, if t' iron had been wrong, thear'd been an 
angry word o' some sort, but t* varry next words were, 
' Why, my lad, thou s'ud a' made it so and so : now go mak 
another.' " 

Mr. Smeaton's professional engagements called him fre- 
quently to London, where he spent part of every year, 
occupying chambers in Gray's Inn. He had joined his 
friend Mr. Holmes, in 1771, in the proprietorship of the 
works for supplying Deptford and Greenwich with water, 
and he devoted considerable attention to the requisite me- 
chanical arrangements. On the occasion of his visits to 
London, it was a source of great pleasure to him to attend 
the meetings of the Koyal Society, as well as to cultivate a 
friendship with the distinguished members of the Eoyal 
Society Club.* 

He was a frequent witness before Committees of both 
Houses of Parliament f in support of Bills for authorising 



* James Watt writes : — " When 
I was in London in 1785, 1 was 
received very kindly by Mr. 
Cavendish and Dr. Blagden, and 
my old friend Smeaton, who has 
recovered his health, and seems 
hearty. I dined at a turtle feast 
with them, and the Select Club of 
the Royal Society; and never 



entitled *Our Exemplars,' that 
^' Smeaton was for several years 
an active member of Parliament, 
and many useful bills are the re- 
sult of his exertions His 

speeches were always heard with 
attention, and carried conviction 
to the minds of his ■ auditors." 
This must, however, be a mistake, 



was turtle eaten with greater so- ! as Smeaton was never in Parlia- 
briety and temperance, or more ment, except for the purpose of 



good fellowship." (* Eise and Pro- 
gress of the Royal Society Club.* 
1860.) 

t It is stated in a recent work, 
edited by the learned Recorder of j ordinary conversation. 
Birmingham, M. D. Hill, Esq., 



giving engineering evidence be- 
fore committees; and, instead of 
being eloquent, Mr. Playfair says 
he was very embarrassed even in 
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the construction of bridges, canals, and water-works ; and 
was accustomed on such occasions to give his evidence in 
a modest, simple, and straightforward manner, such as is 
calculated to win confidence and respect, far more than that 
glib and unscrupulous style which has since become the 
fashion. Moreover, he was known to be a most con- 
scientious man, and that he would not express an opinion 
on any subject until he had thoroughly mastered it. 

During the time spent by Mr. Smeaton in town, he was 
accustomed to meet once a week, on Friday evenings, in a 
sort of club, a few friends of the same calling, — canal- 
makers, bridge-builders, and others of the class then 
beginning to be known by the generic term of Engineers. 
The place of meeting was the Queen's Head Tavern in 
Holbom ; and after they had come together a few times, 
the members declared themselves a Society, and kept 
a register of membership, — free social conversation on 
matters relating to their business being the object of 
their meetings. Some personal disagreement, however, 
occurring, through the offensive behaviour of one of the 
members, Mr. Smeaton withdrew from the club, which came 
to an end in 1792. Mr. Holmes says of him, that though 
of a very kindly and genial nature, he was occasionally 
abrupt, and, to those who did not know him, apparently 
harsh in his manner ; and that he would sometimes break 
out hastily when anything was said that did not tally 
with his ideas ; not being disposed to yield upon any point 
on which he argued, until his mind was convinced by 
sound reasoning.* 

Mr. Smeaton earned a fair income by the practice of 
his profession ; but he was no worshipper of money. 
Though he had an insatiable appetite for work, and was 
occupied in useful pursuits from youth to old age, hie 
pecuniary wants were very moderate. Those were not 
the days when great fortunes were made by engineering ; 



• Mr. Holmes's * Short Narrative,* p. 15. 
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and Mr. Smeaton was satisfied to be paid two guineas foi 
a full day's work. Moreover, lie refused new engagements, 
rather than imperfectly perform what he had already 
undertaken. 

He also limited his professional employment, that he 
might be enabled to devote a certain portion of his time 
to self-improvement and scientific investigation. The 
maxim which governed his life was, that " the abilities 
of the individual were a debt due to the common stock of 
public well-being." This high-minded principle, on which 
he faithfully acted, kept him free from sordid self-aggran- 
disement, and he had no difficulty in resisting the most 
tempting offers which were made to attract him from his 
settled course. 

When pressed on one occasion to undertake some new 
business, and when the prospect of a lucrative recompense 
was held out to him, he called in the old woman who took 
charge of his chambers at Gray's Inn, and pointing to her, 
said, " Her attendance suffices for all my wants." When 
urgently called by duty, he was ready with his help ; but 
he would not be bought. 

The Princess Dashkoff once urged him to go to Eussia 
in order to enter the service of the Empress; hold- 
ing out to him very tempting promises of reward. He 
politely refused : no money would induce him to leave 
his home, his friends, and his pursuits in England ; and, 
though not rich, he had enough and to spare. " Sir," 
exclaimed the Princess, unable to withhold her admiration, 
" I honour you ! You may have your equal in abilities 
perhaps ; but in character you stand alone. The English 
minister. Sir Eobert Walpole was mistaken, and my 
Sovereign has the misfortune to find one Man who has 
not his price.- 



* Letter written by Mrs. Dixon, 
daughter of the engineer, to the 
Committee of Civil Engineers, 
dated 30th October, 1797, relative 



to the life and character of her 
deceased father. (Smeaton's * Be- 
ports,* i. 28.) 
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Influenced by the same spirit, Mr, Smeaton, towards 
the close of his life, believing that he should be rendering 
a service to his country by publishing an account of the 
various works in which he had beeji engaged as an engineer, 
avoided as much business as he consistently could, in 
order to devote himself to that work ; and he eventually 
deterimned to retire altogether from the profession.* 

The only portion of his works that he lived to describe 
in words, was his ' Narrative of the Construction of the 
Eddystone Lighthouse.' Indeed, he states that he found 
the task of describing this work even more difficult than 
that of erecting it ; and he seems to have become inordi- 
nately impressed with a sense of the importance of literary 
composition. He very naively observes in the Preface: 
** I am convinced that to write a book tolerably well is not 
a light or an easy matter ; for, as I have proceeded in this 
work, I have been less and less satisfied with the execu- 
tion. In truth, I have found much more difficulty in 
writing than I did in building, as well as a greater length 
of time and application of mind to be employed. I am 
indeed now older by thirty-five years than I was when I 
first entered on that enterprise, and therefore my faculties 
are less active and vigorous ; but when I consider that I 
have been employed full seven years, at every opportunity, 



* A yeax before his death, Mr. 
Smeaton formally took leave of 
the profession in the following 
circular : — "Mr.Smeaton begs leave 
to inform his friends and the 
public in general, that having ap- 
plied himself for a great number 
of years to the business of a Civil 
Engineer, his wishes are now to 
dedicate the chief part of his 
remaining Time to the Descrip- 
tion of the several Works per- 
formed under his Direction. The 
Account he lately published of 
the Building of Eddystone Light- 
house of Stone has been so favour- 



ably received, that he is persuaded 
he cannot be of more service to 
the Public, or show a greater 
Sense of his Gratitude, than to 
continue to employ himself in the 
way now specified. He therefore 
flatters himself, that in not yield- 
ing to the many applications 
made to him lately for further 
Undertakings, but confining him- 
self in future to the Objects above 
mentioned, and to such occasional 
Consultations as will not take up 
much Time, he shall not incur 
the Disapprobation of his Friends. 
" Grav's Inn, 6th October, 1791/' 
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in forwarding this book, having all the original draughts 
and materials to go upon, and that the production of thes6 
original materials as well as the building itself were 
despatched in half that time, I am almost tempted to 
subscribe to the sentiment adopted by Mr. Pope, that 
* Nature's chief masterpiece is writing well.' It is true 
that I have not been bred to literature, but it is equally 
true that I was no more bred to mechanics: we must 
therefore conclude that the same mind has in reality a 
much greater facility in some subjects than in others." 

Smeaton*s story of the Eddystone Lighthouse is, how- 
ever, told in a very eflfective manner. It possesses an 
interest almost dramatic, exhibiting a contest between the 
strong, skilled, and determined man, and the tremendous 
forces of nature. It is truly observed by the late Lord 
EUesmere, in his ' Essays on Engineering,* that bloody 
battles have been won, and campaigns conducted to a 
successful issue, with less of personal exposure to physical 
danger on the part of the commander in chief, than was 
constantly encountered by Smeaton during the greater 
part of those years in which the lighthouse was in course 
of erection. In all works of danger he himself led the 
way — was the first to spring upon the rock and the last to 
leave it ; and by his own example he inspired with courage 
the humble workmen engaged in carrying out his plans, 
and who, like himself, were unaccustomed to the special 
terrors of the scene. 

The portrait prefixed to this volume gives a good repre- 
sentation of Mr. Smeaton's countenance, the expression of 
which was gentle, yet shrewd. In person he was of a 
middle stature, broad and strong made, and possessed 
originally of a vigorous constitution. In his manners he 
was simple, plain, and unassuming. He had the blunt- 
ness and straightforwardness of speech which usually 
mark the north-countryman, and never acquired that 
suavity and polish which are more common amongst 
educated men in our southern districts. He spoke in the 



174 



SMEATON'S PRIVATE LIFE. 



Chap. VL 



dialect of liis native county, and was not ashamed to 
admit it.* Yet he mixed in good society when in town, 
though his diffidence, as well as his reluctance to bestow 
too much time on social enjoyment, caused him to contract 
his circle as his professional engagements increased. 

His daughter has related the anecdote of his meeting, on 
one occasion, with the Duke and Duchess of Queensberry, 
which led to a pleasant intercourse with that family. 
Mr. Smeaton was walking with his wife in Eanelagh 
Gardens — the fashionable place of resort at that time — 
when he observed an elderly lady and gentleman fix their 
marked attention upon him. At length they came up, 
and the lady, who proved to be the eccentric Duchess of 
Queensberry, said to Mr. Smeaton, " Sir, I do not know 
who you are or what you are; but so strongly do you 
resemble my poor dear Gay (the poet) that we must be 
acquainted. You shall go home and sup with us ; and if 
the minds of the two men accord, as do the countenances, 
you will find two cheerful old folks, who can love you 
well; and I think (or you are a hypocrite) you can as 
well deserve it." 

Mr, Smeaton and his wife accepted the invitation, and 
it proved the commencement of one of his most pleasant 
London friendships. It happened that the Duke and 
Duchess had a great love of card-playing, which Smeaton 
detested. But his good nature would not permit him to 
hold aloof when asked to take a hand. He played, how- 
ever, like a boy, his attention never following the game. 
On one occasion, when it was Pope Joan, and the stake in 
" Pope " had accumulated to a considerable sum, it bectime 
Mr. Smeaton's turn by the deal to double it. Eegardless 
of his cards, he took up a scrap of paper, made some 
calculations on it, and laid it on the table. The Duchess 



* In the Preface to his Eddy- 
stone Narrative he says :— " As I 
speak and write a provincial Ian- 
gu&ge, and was not bred to letters, 



I am greatly obliged to my friends 
in the country for perusing and 
abundantly correcting my manu- 
script." 
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eagerly asked what it was. He replied, ♦* Your Grace will 
recollect that the field in which my house at Austhorpe 
stands may be about five acres, three roods, and seven 
perches, which, at thirty years' purchase, will be just my 
stake; and if your Grace will make a Duke of me, I 
presume the winner will not dislike my mortgage." The 
hint thus given in a joke was kindly taken, and from that 
time they never played but for the merest trifle. 

In his own home he was beloved and revered. His wife 
died in 1784, after which his two daughters kept house 
for him until his death. The eldest has left on record 
a charming picture of his domestic character, which we 
cannot do better than transcribe : — " Though communicative 
on most subjects," she says, " and stored with ample and 
liberal observations on others, of himself he never spoke. 
In nothing does he seem to have stood more single than in 
being devoid of that egotism which more or less affects the 
world. It required some address, even in his family, to 
draw him into conversation directly relating to himself, 
his pursuits, or his success. Self-opinion, self-interest, 
and self-indulgence, seemed alike tempered in him by a 
modesty inseparable from merit — a moderation in pecuniary 
ambition, a habit of intense application, and a temperance 

strict beyond the common standard Devoted to his 

family witli an affection so lively, a manner at once so 
cheerful and serene, that it is impossible to say whether 
the charm of conversation, the simplicity of instruction, 
or the gentleness with which it was conveyed, most 
endeared his home — a home in which from infancy we 
cannot recollect to have seen a trace of dissatisfaction or a 
word of asperity to any one. Yet with all this he was 
absolute ! And it is for casuistry, or education, or rule, to 
explain his authority ; it was an authority as impossible 
to dispute as to define." 

Mrs. Dixon illustrates the benevolence of her father's 
character by referring to a painful and trying event in his 
life. Mr. Smeaton had befriended a young man whom be 
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had employed as a clerk, and he had successfully exerted 
himself to procure for him a situation of trust and respon- 
sibility, at the same time becoming bound for him, jointly 
with another gentleman, in a considerable sum. The young 
man fell into bad habits : his expenses outran his income ; 
he committed a forgery to meet the deficiency, and he waa 
detected, apprehended, and given up to justice. 

The same post brought Mr. Smeaton the intelligence of 
the young man's ruin, the claim for the amount of the 
forfeited bond, and the refusal of the other person to pay 
the moiety. Mrs. Smeaton's health being delicate at the 
time, her husband suppressed all appearance of emotion ; 
nor, until all was put in train for settlement, did a word 
or look betray the exquisite distress which these painful 
circumstances had caused him. He even exerted himself 
to save the prisoner's life, in which he eventually succeeded, 
and he did all that he afterwards could to soothe the 
remorse of the wretched youth who had betrayed him.* 

Of Mr. Smeaton's intellectual powers it would be difficult 
to speak too highly. James Watt always mentioned him 
in terms of sincere admiration, speaking of him as " father 
Smeaton." Writing to Sir Joseph Banks, he said : " In 
justice to him we should observe that he lived before 
Kennie, and before there were one-tenth of the artists 
there are now. Suum cuique ; his example and precepts 
have made us all engineers." Even after the great works 



* The engineer's daughter, who 
has related these beautiful fea- 
tures in his character, became the 
wife of Jeremiah Dixon, Esq., at 
one time mayor of Leeds, after- 
wards of Fell Foot, Windermere, 
and an active county magistrate. 
She possessed much of the force 
of character and benevolence of 
disposition which distinguished 
her father; and was regarded as 
a woman of great practical ability. 
She survived her husband many 



years, and during her lifetime 
built and endowed a free-school 
for girls at Staveley, about a mile 
from her residence, which is now, 
and has been ever since its estab- 
lishment, of very great benefit to 
the population of the neighbour- 
hood. Mrs. Dixon was also an 
artist of some merit, and painted 
in oils ; the altar-piece and deco- 
rated Ten Commandments now in 
Staveley church being of her exe- 
cution. 
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of the railway era, and the variety of practical ability 
which they called forth and fostered, Eobert Stephenson 
pronounced Smeaton to he the engineer of the highest 
intellectual eminence that had yet appeared in England* 
Speaking of him to the author in 1858, he observed, 
" Smeaton is the greatest philosopher in our profession, 
that this country has yet produced. He was indeed a 
great man, possessing a truly Baconian mind, for he was 
an incessant experimenter.* I'he principles of mechanicH 
were never so clearly exhibited as in his writings, more 
especially with respect to resistance, gravity, and the 
power of water and wind to turn mills. His mind was as 
clear as crystal, and his demonstrations will be found 
mathematically conclusive. To this day there are no 
writings so valuable as his in the highest walks of 
scientific engineering ; and when young men ask me, as 
they frequently do, what they should read, I invariably 
say, 'Go to Smeaton's philosophical papers; read them, 
master them thoroughly, and nothing will be of greater 
service to you.' Smeaton was indeed a very great man." 

From what we have said, it will be obvious that 
Smeaton was, throughout his whole career, a most in- 
dustrious man, — indeed, industry was the necessity and 
habit of his life. His daughter describes him as having 
been incessantly occupied from six years old to sixty. He 
was a great economist of time, and laid it out in such a 
way as to obtain from its use the greatest amount of 
valuable result. When at home, his forenoons were 
devoted to writing reports, and to the various business 
arising out of his professional engagements; and his 



* One of Smeaton*s rules was, 
never to trust to deductions drawn 
from theory in any case where 
there was an opportunity for 
actual experiment. " In my own 
practice," he said, " almost every 
successive case would have re- 

II, 



quired an independent theory of 
its own. In my intercourse with 
mankind I have always found 
those who . would thrust theory 
into practical matters to be, at 
bottom, men of no judgment, and 
pure quacks." 
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afternoons were occupied by the pniBuits in which he took 
most pleasure, — working at his forge or in his workshop, 
making mechanical experiments, or preparing his papers 
on scientific subjects for the Eoyal Society. 

Though naturally possessed of an excellent constitution, 
and capable of enduring much fatigue, it is most probable 
that he taxed his brain too much, and " o'er informed his 
tenement of clay," by his continuous and intense applica- 
tion to study during the long periods of his seclusion at 
Austhorpe. His robust frame became fragile, and his 
strength was further impaired by the abstinence which 
he was subsequently compelled to adopt.* Moreover, it 
appears that brain disease was hereditary in his family, 
and he long apprehended the stroke which eventually 
terminated his life. This only made him the more eager 
to employ to the most advantage the time which it might 
yet be permitted him to live ; and he dreaded above all 
things the blight of his mental powers — to use his own 
words, "lingering over the dregs after the spirit had 
evaporated" — chiefly as depriving him of the means ot 
doing further good. 

The last public measure on which he was professionally 
engaged in London, was the passing of the Bill through 
Parliament for the construction of the Birmingham and 
Worcester Canal. It was very strongly opposed, and its 



* Since the first edition of this 
work appeared, a correspondent has 
sent us a copy of a letter written 
by Mr. Smeaton, on the 4th of 
'August, 1792, alluding to the ex- 
traordinary disease under which 
he laboured at that time. Mr. 
Smeaton says: — "I am obliged 
by your inquiries after my health, 
but unless the dreadful disorder 
in my stomach can be effectually 
removed, . which consists in an 
over quick digestion, and is medi- 
callv called the Fames Canina^ 



I believe my mental faculties will 
be of little further use. The length 
of time I was kept in tow by the 
Bamsgate Bill last spring, so 
thoroughly confirmed the disorder, 
that all the relief I have ever 
since found, by riding on horse- 
back in my native air, seems to 
make but very slow progress to- 
wards a cure. . . . P.S. — You will 
scarcely be able to conceive what 
a task it has been to get this letter 
written." 
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support in Committee cost him much application, thought, 
and anxiety. His friends saw him visibly breaking down, 
and apprehended that the powers of his vigorous mind 
were beginning to fail. The Bill passed by a small 
majority, and Mr. Smeaton went down to his home at 
Austhorpe for repose. 

Shortly after, when walking in his garden, he was struck 
by paralysis. Happily his faculties returned to him, and 
he expressed his thankfulness to the Almighty that his 
intellect had been spared. He was very resigned and 
cheerful, and took pleasure in seeing the usual social occu- 
pation of the family going on about him. He would, how- 
ever, complain of his growing slowness of apprehension, 
and excuse it with a smile, saying, " It could not be other- 
wise : the shadow must lengthen as the sun goes down." 
Some phenomena relating to the moon formed the subject 
of conversation one evening, when its fulness shone very 
bright into his room. FixiAg his eyes upon it, he said, 
"How often have I looked up to it with inquiry and 
wonder, and thought of the period when I shall have the 
vast and privileged views of an hereafter, and all will be 
comprehension and pleasure I " 

He even continued to dictate letters to his friends ; and 
in one of these, addressed to Mr. Holmes, after describing 
his health and feelings, he said ; " In consequence of the 
foregoing, I conclude myself nine-tenths dead, and the 
greatest favour the Almighty can do me (as I think) will 
be to complete the other part ; but as it is likely to be a 
lingering illness, it is only in His power to say when that 
is likely to happen." His suffering, however, did not last 
long ; and after the lapse of about a month from the 
writing of this letter, the engineer's spirit found repose. 

He died on the 28th of October, 1792, in the 68th year 
of his age ; and was buried with his forefathers in the old 
parish church of Whitkirk, where a tablet with the follow- 
ing inscription was erected to his memory : — 

N 2 
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Bached to the Memohy 
OF JOHN 8MEAT0N, ¥.BS. 

A Mati whom God bad endowed with the niOBt eitraocdinar; abilities, 
which he indefatigably exerted for the benefit of Mankini! iti 
worke of Science and Philosophical research : 
More eepeciallj M an Engineer and Mechanic. His principal irork, 
the Eddystoue Ligbtbouse, erected on a rock in the open sea, (where 
one had been washed away by the violence of a »U>im, and another 
bad been conennied by the rage of flie,) secure in its own stability and 
the wise preceutions for ite safety, aeema nut unlikely to convey to 
distant ages, aa it does to every Nation of the Olobe, the Name of its 



And departed this Life October 28, 1T92. 

Also Sacred to the Memory of 

ANN, the wife of the aaid JoHS Smkaton, F.R.8., 

Who died January 17th, 1784. 

Their two surviving Danghlers, 

l«lly inpreat with sentiments of I«ve and Respect 

For tbe kindest and tendurcat of Parents, 

Pay this tribute to their Memory, 
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LIFE OF JOHN RENNIE. 



CHAPTER I. 

Eensie's Boyhood and Education. 

Jons Rennie, the architect of the three great London 
Briiigee, the engineer of the Plymouth Breakwater, of the 
principal London Docks, and other works of great national 
Importance, was bom at the farm-steading of Phantassie, 
East Lothian, on the 7th of June, 1761. His father. 






James Eennie, wa« the owner of the patrimonial estate, 
situated about midway between Haddington and Dunbar, 
at the foot of the gently-sloping hills which rise from it 
towards the south, — the village of Eaat Linton lying cJ^e 
at hand, on the farther bank of the little river Tyne. 
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The only post road from London to Scotland passed 
close in front of the house at Phantassie in which John 
Kennie was bom. It passed westward over Pencrake, and 
followed the ridge of the Garleton Hills towards Edin- 
burgh. The old travellers had no aversion to hill tops, 
rather preferring them because the ground was firmer to 
tread on, and they could better see about them. This line 
of high road avoided the county town, which, lying in a 
hollow, was unapproachable across the low grounds in wet 
Aveather ; and, of all things, swamps and quagmires were 
most to be dreaded. A portion of the old post-road was 
visible until within the last few years, upon the high 
ground about a mile to the north of Haddington. In 
some places it was very narrow and deep, not unlike an 
old broad ditch, much waterwom, and strewn with loose 
stones. Along this line of way Sir John Cope passed 
with his army, in 1745, to protect Edinburgh against the 
Highland rebels; and it is related that, on marching 
northward to intercept them, he was compelled to halt for 
several days, waiting for a hundred horse-loads of bread 
required for the victualling of his army. 

In i750, a project was set on foot for improving the 
high road through East Lothian, and a Turnpike Act was 
obtained for the purpose — the first Act of the kind obtained 
north of the Tweed.* The inhabitants of the town of 
Haddington complained loudly of the oppression practised 
on them, by making them pay toll for every bit of coal 
they burned ; though before the road was made, it was a 
good day's work for a man and horse to fetch a load of 
" divot " or Turf from Gladsmuir, or of coal from the 
nearest colliery, only some four miles distant. By the 
year 1763 this post-road must have been made practicable 
for wheeled vehicles ; for in that year the one stage-coach, 
which for a time formed the sole communication of the 



* G. Buchan Hepburn's * Qe- 
ueral View of the Agriculture and 



Economy of East Lothian, 1704,' 
p. 151. 
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kind between London and all Scotland, began to run ; and 
John Rennie when a boy, was familiar with the sight of 
the uncouth vehicle lumbering along the road past his 
door. It ** set out " from Edinburgh only once a month, 
the journey to London occupying from twelve to eighteen 
daysi according to the state of the roads. 

Dr. Carlyle, in his 'Autobiography,' says, that in 1757, 
he made an excursion into England, with Sir David 
Kinloch and some other gentlemen. The baronet and 
himself rode in a postchaise, " a vehicle which had but 
recently been brought into Scotland, as our turnpike roads 
were then in their infancy."* A short time before, when 
Home, the poet, accompanied by some six or seven Merse 
ministers, were proceeding to London to get the play of 
Douglas put upon the stage, the entire party rode on horse- 
back. But Home, like an oblivious poet, forgot to provide 
himself with a pair of leathern bags to put his manuscript 
in; and he consequently had to balance himself on his 
horse by putting his tragedy in one pocket of his great 
coat and his clean shirt and night-cap in the other. " By 
good luck," says the minister, " the Tweed was not come 
down, and we crossed it safely at the ford near Norham 

Castle."t 

When Rennie was bom, Scotland was a very poor 
country. Perhaps East Lothian, being a border county, 
was one of the poorest. It had been constantly overrun 
and despoiled during the wars with England. Haddington 
was thrice burnt to the ground. For four centuries, 
from Edward I. to Oliver Cromwell, the border counties 
were constantly liable to invasion. The last time East 
Lothian was spoiled was before the battle of Dunbar. 
Agriculture had not yet recovered from these frequent 
attacks. It had become a lost art. But about the 
middle of last century, agriculture began to show signs of 
revival. The country as yet consisted mostly of moorland, 



♦ Dr. Carlyle, * Autobiography,' p. 826. f Ibid. 80a 
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peat, and bogs. Very little com was raised ; and when 
the first wheat was grown in a field near Edinburgh, 
all the country flocked to see it.* James Rennie, the 
engineer's father, was one of the first to introduce 
turnips as a regular farmer's crop; for, before his time, 
neither clover, turnips, nor potatoes were grown in 
Scotland. Oattle could with difi&culty be kept alive ; and 
the people themselves were often on the brink of starva- 
tion. They were hopeless, miserable, and without spirit. 
Some thought that The Union had utterly destroyed 
Scottish prosperity. There were even Repealers in those 
days ;t but they could not successfully combine. There 
was very little communication between country and town, 
or between one town and another ; for during the greatest 
part of the year, the roads were simply impassable. 
The Darien Expedition had ruined those who had put 
their money in it; and the people seemed to have no 
spirit to make any further attempt to prosper. It would 
appear as if neither skill, money, nor enterprise, remained 
in the land. 

Engineering and architecture, like agriculture, seem 
also to have become lost arts. The few small bridges built 
at the beginning of the eighteenth century were of a 
frightful character. They were of a circular form; so 



* There is every reason to be- 
lieve that at a remote period, Scot- 
land had been well cultivated. 
The army of Edward I. subsisted 
on the beans and pease which they 
found in the field, when besieging 
Dirleton, East Lothian, in 1298; 
and from the old chartularies of 
the Monastic establishments, it is 
clear that wheat was cultivated to 
a considerable extent, at the same 
time. Adda, mother of William 
the Lion,having founded a nunnery 
at the Abbey, near Haddington, 
about the year 1178, endowed it 
with the rents of certain lands in 



the neighbourhood. The rents 
were paid in kind for the main- 
tenance of the nuns, and consisted, 
amongst other things, of four bolls 
of wheat and three bolls of oat- 
meal yearly. And yet, at the be- 
ginning of the eighteenth cen- 
tury, the production of wheat in 
Scotland had been entirely dis- 
continued. 

t Among these were Fletcher 
of Saltoun, the Earl of Wigton, 
and others. For further remarks 
as to the decayed state of Scot- 
land at this time, see vol. iii 
' History of Roads/ pp. .48-59. 
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that, when erected across a stream of say twenty feet in 
breadth, they rose ten feet in height from the spring ot 
the arch, and descended ten feet on the other side. Cross- 
ing a bridge of this sort was like climbing over the roof of 
a honse. The bridge builders of those days had no notion 
that the segment of a circle, well supported at its springing, 
was as strong as the full bow. But bridge-building had 
not always been in this backward state in Scotland. It is 
probable that the whole country — or at least the Lowland 
part of it — ^was in a much more flourishing condition pre- 
vious to the commencement of the fourteenth century, 
than it was for some four hundred and fifty years after 
that time. 

The highly improved state of architecture in early times 
— as is still exhibited in the ruins of the ancient abbeys 
of Melrose, Elgin, Kilwinning, Aberborthwick, and other 
religious institutions — lead us to conclude that the other 
arts and sciences were in a much more forward state than 
they have been at a more recent period. The same " Brothers 
of the Bridge " who erected so many fine old bridges across 
the rivers of England, were equally busy beyond the 
Tweed, providing those essential means of intercourse for 
the community. Thus we find Old Bridges early erected 
across most of the rapid rivers in the Lowlands, espe- 
cially in those places where the ecclesiastical foundations 
were the richest; and to this day the magnificent old 
abbey or cathedral of the neighbourhood — in some comer 
of which the Presbyterian Church continues to hold its 
worship — serves to remind one of the contemporaneous 
origin of both classes of structures. 

Thus, as early as the thirteenth century, there was a 
bridge over the Tay at Perth; bridges over the Esk at 
Brechin and Marykirk; one over the Dee at Kincardine 
O'Neil ; one at Aberdeen ; and one at the mouth of Glen- 
muick. The fine old bridge over the Dee, at Aberdeen, is 
still standing : it consists of seven arches, and, as usual, 
the name of a bishop — Gawin Dunbar — is connected with 
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its erection. There is another old bridge over the Don 
near the same city, said to have been built by Bishop 
Cheyne in the time of Robert the Bruce — the famous 
" Brig of Balgouie," celebrated in Lord Byron's stanzas as 
" Balgownie Brig's black «•»'." It consists of a spacious 
Gothic arch, resting upon the rock on either side. There 
WftB even an old bridge over the rapid Spoy at OrkLill. 

Then at Glasgow there was a fine bridge over tho Clyde, 
which used, in old times, to be called " the Great Bridge 
of Glasgow," said to have boon built by Bishop Rae in 
1345, Though the bridge was only twelve feet wide, it 
consisted of eight arches; somewhat similar to the ancient 
fabric which still spans tho Forth under the guns of Stir- 
ling Castle, This last-mentioned bridge was, until recent 
times, a structure of great importance, affording almost 
nly access into the norihcm parts of Scotland for 
Led carriages. 

t the art of bridge-building in Scotland, as in Eng- 
seems for a long time to have been almost entirely 
and until Smeaton was employed to erect the bridges 
Jdstream, Perth, and Banff, next to nothing had been 
to improve this essential part of the communications 
.6 country. Where attempts were made by local 
ers to erect such structures, they very rarely stood 
orce of a winter's, or even a summer's, flood. " I 
nber," says John Maxwell, " the falling of the Bridge 
little, which was built by John Frew in 1722, and 
n the succeeding summer, while I was in Buittle 
n seeing my father's servant* gathering nettles [for 
," ' A similar fate befell the few attempts that were 
about the same time to maintain the lines of corn- 
nation by replacing the old bridges where they had 
to ruin, or substituting new ones in place of fords. 
e mechanical arts had also fallen to the very lowest 
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state. All kinds of tools were of the most imperfect 
description. The implements used in agriculture were 
extremely rude. They were mostly made by the farmer 
himself, in the roughest possible style, without the assist- 
ance of any mechanic. But a plough, which was regarded 
as a complicated machine, was reserved for the blacksmith. 
It was made of young birch trees, and, if the tradesmaii 
was .expert, it was completed in the course of a winter's 
evening.* This rude implement scratched, without diffi- 
culty, the surface of old crofts, but made sorry work in 
out-fields, where the sward was tough and stones were 
large and numerous. Lord Kaimes said of the harrows 
used in his time, that they were more fitted to raise 
laughter than to raise mould. Machinery of an improved 
kind had not yet been introduced into any department of 
labour. Its first application, as might be expected, was in 
agriculture, — then the leading, and indeed almost the only, 
branch of industry in Scotland ; and the introduction of 
machinery will be found both curious and interesting, in 
its bearing on the subject of our present memoir. 

.There was one fruitful art, however, remaining in Scot- 
land, which was calculated, more than anything else, to 
restore the prosperity of the country — and that was, the art 
of teaching. The number of schools throughout the country 
was considerable, in which the rising generation were 
well and wisely taught. The " Grammar-schools " in the 
principal boroughs existed before the Eeformation; the 
parish schools were one of the principal results of the Re- 
formation. The Grammar-schools were founded by bene- 
volent individuals, who vested in the church, or in the 
burgh corporations, certain property or sums of nioney, for . 
the purpose of educating the youth of the towns in which 
they were established. That they existed in the towns 
when Scotland was a Catholic country, is clear from the 
fact that John Knox himself was educated at the Grammar 



* i 



Farmer's Magazine,' No. xsxiv., p. 199. 
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School of Haddington, of which town he was a native; 

and he relates that he there learnt the elements of tho 

" "- 'mgnago. 

iheae burgh schools were inanfBcient for the general 
an of the people, — who, for the most part, lived in 
ntry, and could scarcely approach the tovms dming 
ater part of the year, by reason of the badnees of 
Is, Accordingly, one of the first meaauree wHoh 
Inox proposed to the Lords of the AsBembly after 
Formation, was the establiehment of a school, sup- 
by the heritors, or proprietors of land, in every 
;hroughout the country. In his first ' Book of Dis- 
' he explicitJy set forth, " That every several Kirke 
le Hchoolmaister appointed, able to teach grammar 
I Latin tongue, if the town be of any reputation ; " 
an upland town, then a reader was to be appointed, 
minister himself must attend to the instruction of 
dren and youth of the parish. It was also enjoined 
:)roviBion be made for the attendance of those that 
3, and not able by themselves or their friends to be 
id at letters ; " " for this," it was added, " must be 
y provided, that no father, of what estate or con- 
that ever he may be, doth use his children at hiii 
ntasie, especially in their yonthhead ; but all must 
pelled to bring up their children in learning and 

was admirable advice, but it could not be carried 
«t for more than a hundred years. The civil wars, , 
smptfi made to impose Episcopacy upon Scotland, 
) troubles of the nation down to the Revolution 
I, prevented the people uniting for the purpose of 
hing a school in every pariah ; but at length, in 
le Scottish Parliament was enabled, with the con- 
e of William III., to put in force the Act of that 
hich is regarded as the charter of the parish-school 

of Scotland. It is there ordained, "that there 
;;hool settled and established and a schoolmaster 
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appointed in every parish, not already provided, by advice 
of the heritors and minister of the parish." 

In consequence of the operation of this Act, which was 
gradually carried into effect, the parish schools of Scotland,* 
— working steadily upon the rising generation, all of whom 
passed under the hands of the parish teachers, — were 
training up a population whose education and intelligence 
were greatly in advance of their material condition ; and 
it is to this circumstance, we apprehend, that the true 
explanation is to be found of that rapid leap forward 
which the country now took, dating more particularly 
from the year 1745. Agriculture was naturally the first 
branch of industry affected; new crops were introduced, 
new methods of farming, new machinery for plough- 
ing, harrowing, and reaping the produce of the land. 
These improvements were followed by like advances in 
manufactures, commerce, and shipping — by discoveries in 



♦ Besides the abundance of 
schools, and the excellence of 
the education given, the mo- 
deration of the fees charged is 
worthy of notice. Dr. Guthrie, in 
his * Autobiography,* mentions the 
schools at Brechin, where he was 
educated some sixty years ago. 
First, he was taught at a private 
school, of which the late Dr. 
McCrie was the teacher. "Be- 
sides this school," he says, "there 
were two others in Brechin where 
Latin and Greek, French and 
Mathematics, were taught. One 
of these was endowed from pro- 
perty belonging in Roman Catho- 
lic times to the Knights Templars, 
who had a preceptory there. The 
other was the parish school. Both 
were conducted by * preachers,' or 
licentiates of the Church of Scot- 
land — university men who had 
spent at least eight years at 
oollege. Both prepared young 



men for the university, teaching 
them, besides the more common 
branches of education. Algebra, 
Euclid, French, Latin, Greek, and 
all for five shillings a quarter! 
That may astonish people now-a- 
days. But so it was; and the 
bursaries which a large propor- 
tion of these pupils won by open 
competition at the universities of 
St. Andrews and Aberdeen, while 
the means of their support there, 
, proved the goodness of the teaching 
they got for this small sum. The 
result of this cheap and efficient 
education was that the sons of 
many poor and humble people 
pulled their way up to honour- 
able positions in life, while the 
parents had not their self-respect 
and feelings of independence 
lowered by owing the superior 
education of their children to 
others than themselves." (' Auto- 
biography/ pp. 33-34.) 
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ion, of which the Goudensing Steam-Eagine, cbV 
i by James Watt, wae by far the moat important.* 
, from that period, Scotland has never looked back ; 
r progrees has gone on at a constantly increasing rate 
has isaued in resnlte ae marveUons as they have 
ily been nneqaalled. A century of Work has raised 
id from the position of one of the poorest and most 
ble of countries, to that of one of the beat cultivated, 
rosperouB, and intelligent in Britain. 

uer Rennie died in the old house at Fhanta^e in 
ir 1766, leaving a family of nine children, — four 
nd five daughters. George, the eldest, was then 
jen years old. He ■was discreet, intelligent, and 
I beyond hia years, and from that time forward he 
ed the farm and acted as head of the family. 
3ar before his father's death he had made a tour 
h Berwickshire, for the purpose of observing the 
■ed methods of farming introduced by some of the 
; gentry of that county, and he returned to Phan- 
full of valuable practical information- The agri- 
il improvements which he was shortly afteirwards 
nental in introducing into East Lothian were of a 
important character. His farm came to be re- 



■iter, in th e Scotoh Farmer's 
i« for 1810, niBkes the fol- 
obeervations : — " During 
fifty yeara SootlBiid has 
ipid ptogresB in agricul- 
jhiteoture, navigation, and 

:el]ed hei neighbourB, it 
'baps be ascribiid to that 
me and useful Bystem of 
li education, which was 
had to her children by the 
rliament which she ever 
ed tta an independent 
a. The elements of learn- 



ing, consiefiag of reading, writing, 
and accounts, though seemingly 
superficial attainments^ ave never- 
theless, been of immense value to 
the people. They have enabled 
them to comprehend, adopt, and 
improve to the utmost, every new 
branch of science, as soou as it 
sprung up in any comer of 
Europe; and there is no circum- 
stance BO peculiar in the possessioo 
of a httleltnowledge, as the dealre 
which it communicateB, and the 
capacity which it bestows, of ob- 
taining still more." 
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garded &s a model, and his reputation &s a skilled agricul- 
turiat extended far beyond the bounds of his own country, 
inaomueh that he was afterwards resorted to for advice as 
to farmiug matters, by distinguished visitors from all parts 
of Europe.* 



Kcuale's UirlbpltHX. Jlitntnnii:. 
[by E. M, WinipnlB, nfKr t> Drawing by J. S. fiml[ts.] 

Of the other sons, William, the second, went to sea : he 
was taken prisoner during the first American war, and 
was sent to Boston, where he died. The third, James, 
studied medicine at Edinburgh, and entered the army as 
an assistant-surgeon. The regiment to which he belonged 



• Amongst George Bennie's il- I who stayed eeveral nights at 
1 us triouB visitors in his later yeftrs Fhantoasle, and during tho time 
was the Grand Dnke Nicholas I -n& present at the celebration 
(atterwanls Emperor) of Russia, { of a "hind's iveddinfi;." 
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ibortly after sent to India : he eerved in the celebrated 
laign of General Hai-ria against Tippoo Saib, and waa 
i while dressing the wound of his commanding officer 
1 under fire at the siege of Seringapatam, 
hn, the future engineer, was the youngest son, and 

five years old at the death of hia father. He ■was 
■dingly brought up mainly under the direction of his 
ler, — a woman posseseed of many excellent practical 
ities, amongst which her strong common sense was not 
east valuable. 

le boy early displayed his strong inclination for me- 
ical pursuits. When about six years old, his principal 
were his knife, hammer, chisel, and saw, by means of 
h bo indulged his innate love of conatruction. He 
irred this kind of work to all other amusements, taking 
small pleasure in the ordinary sports of boys of his 

age. His greatest delight was in frequenting the 
b's and carpenter's shops in the neighbouring ■\-illage 
nton, watching the men use their tools, and tiying his 
hand when they would let him. 

it his favourite resort was Andrew Meikle's niill- 
ht's shop, down by the riv^r Tyne. only a few fields 

When he began to go to the pariah school, then at 
tonkirk, ho had to pass Meikle's shop daily, going and 
ug; and he either crCBsed the river by the planks 
. a little below the mill, or by the miller's boat when 
waters were high. But the temptations of the mill- 
:ht's workshop while passing t« school in the mornings 
infrequently proved too great for him to resist, and he 
ed truant. He then tried to " make things," and 
Led at the bench and the forge. The appearance 
is fingers and clothes on his return home, revealed 
secret of hia emplojTnent ; when a severe interdict 

laid against his " idling " away his time at Andrew 

le millwright, on his part, had taken a strong liking 
lie boy, whose tastes were so congenial to his own. 
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Besides, he was somewhat proud of his landlady's son fre- 
quenting his house, and was not disposed to discourage 
his visits. On the contrary, he let him have the run of 
his workshop, and allowed him to make his miniature 
water-mills and windmills with tools of his own. The 
river which flowed in front of Houston Mill was often 
swollen by spates or floods, which descended from the 
Lammermoors with great force; and on such occasions 
young Eennie took pleasure in watching the flow of the 
waters, and following the floating stacks, fieldgates, and 
other farm wreck along the stream, down to where the 
Tyne joined the ' sea at Tyningham, about four miles 
below. 

Amongst his earliest pieces of workmanship was a fleet 
of miniature ships. ^ But not finding tools to suit his pur- 
poses, he contrived, by working at the forge, to make them 
for himself; then he constructed his fleet, and launched 
his ships, to the admiration and astonishment of his play- 
fellows. This was when he was about ten years old. 
Shortly after, by. the advice and assistance of his friend 
Meikle, who took sas much pride in his performances as 
if they had been his own, Eennie made a model of a 
windmill, another of a fire-engine (or steam-engine), and 
another of Yellore's pile-engine, displaying a considerable 
amount of manual dexterity ; some of these early efforts of 
the boy's genius being still preserved. 

Though young Eennie thus employed so much of his 
time on amateur work in the millwright's shop, he was 
not permitted to neglect his ordinary education at the 
parish school. That of Prestonkirk was kept by a Mr. 
Eichardson, who taught his pupil well in the ordinary 
branches of education ; but by the time Eennie had reached 
twelve years of age, he seems almost tp have exhausted 
his master's store of knowledge, and his mother then 
thought the time had arrived to remove him to a seminary 
of a higher order. 

He was accordinglv taken fn m the parish school, though 

2 
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B friendB bad not yet made up their niiodB as to the 

eps they were to adopt with reference to hia further 
Incation. The boy, however, found abunduit employ- 
ent for himself with his tools, and went on model- 
ftking ; but feeling that he waa only playing at work, he 
icame restless and impatient, and entreated his mother 
lat he might be allowed to go to Andrew Meikle's to 
am to be a millwright. 

He was accordingly sent to Meikle'a, where he worked 
r two years, and learnt one of the most valuable parts of 
lucation — -the nse of his hands. He seemed to overflon' 
ith energy, and was ready to work at anything— at 
aith's work, carpenter's work, or millwork ; taking most 
eaaure in the latter, in which he shortly acquired cort- 
derable expertnesa. Having the advantage of books — 
mited though the literature of mechaniam was in those 
lys — he studied the theory as well as the practice of me- 
lanica, and the powers of his mind became strengthened 
id developed by means of steady application and self- 

At the end of two years, his friends determined to send 
.m to the burgh school of Dunbar, one of that valuable 
ass of seminaries directed and maintained by the magis- 
acy, which have been established for the last hundred 
jars and more in nearly every town of any importance 
Scotland. Dunbar High School was then a school of 
insiderable celebrity. Mr. Gibson, the mathematical 
aster, was an excellent teacher, full of love and enthu- 
asm for his profession; and it was principally for the 
;fit of hia discipline and instruction that young Eennie 
placed under his charge. On entering this school, he 
issessed the advantage of being fully impressed with a 
ise of the practical value of intellectual culture. His 
'o years' service in Meikle's workshop, while it trained 
8 physical powers had also sharpened hia appetite for 
nowledge, and he entered upon his second course of in- 
ruction at Dunbar with the disciplined poVers of a 
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gro"v<rn man. He liad also this advantage, that he prose- 
cuted his studies there with a definite aim and purpose, 
and with a determinate desire to master certain special 
branches of education required for the successful pursuit of 
his intended business. 

Accordingly, we are not surprised to find that in the 
course of a few months he outstripped all his schoolfellows, 
and took the first place in the school. A curious record of 
his proficiency as a scholar is to be found in a work by 
Mr. David Loch, Inspector-General of Fisheries, published 
in 1779.* It was his duty to hold a court of the herring 
skippers of Dunbar, then the principal fishing-station on 
the east coast ; and it appears that at one of his visits to 
the town he attended an examination of the burgh schools, 
and was so much pleased with the proficiency of the pupils 
that he makes special mention of it in his book. 

After speaking of the teachers of Latin, English, and 
arithmetic, he goes on to say : " But Mr. Gibson, teacher 
of mathematics, aflforded a more conspicuous proof of his 
abilities, by the precision and clearness of his manner in 
stating the questions which he put to the scholars ; and 
their correct and spirited answers to his propositions, and 
their clear demonstrations of his problems, afforded the 
highest satisfaction to a numerous audience. And here I 
must notice in a particular manner the singular proficiency 
of a young man of the name of Eennie. He was intended 
for a millwright, and was breeding to that business \mder 
the famous Mr. Meikle, at Linton, East Lothian. He had 
not then attended Mr. Gibson for the mathematics much 
more than six months, but on his examination he dis- 
covered such amazing power of genius, that one would 
have imagined him a second Newton. No problem was 
too hard for him to demonstrate. With a clear head, a 
decent address, and a distinct delivery, he gave ready 



* ^ Essays on the Trade, Commeroe, Manufactures, and Fisheries 
of Scotland.* 
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solutions to questions in natural and experimental phi- 
losophy, and also the reasons of the connection between 
causes and effects, the power of gravitation, &c., in so 
masterly and convincing a manner, that every person pre- 
sent admired such an uncommon stock of knowledge 
amassed at his time of life. If this young man is spared, 
and continues to prosecute his studies, he will do great 
honour to his country." 

Kennie remained with Mr. Gibson for about two years. 
During that period he went as far in mathematics and 
natural philosophy as his teacher could carry him ; after 
which he again proposed to return to Meikle's workshop. 
But about this time the mathematical master was pro- 
moted to a higher charge — the rectorship of the High 
School of Perth — and a question arose as to the appoint- 
ment of his successor. The loss to the town was felt to 
be great, and Mr. Gibson was pressed by the magistrates 
to point out some person whom he thought suitable for 
the office. The only one he could think of was his 
favourite pupil; and .though not quite seventeen years 
old, he strongly recommended John Eennie to accept the 
appointment. 

The young man, however, already beginning to be con- 
scious of his powers, had formed more extensive views of 
life, and could not entertain the idea of settling do^Ti as 
the " dominie " of a burgh school, respectable and respon- 
sible though that office might be. He accordingly declined 
the honour which the magistrates proposed to confer upon 
him, but agreed to take charge of the mathematical classes 
until Mr. Gibson's successor could be appointed. He con- 
tinued to carry on the classes for about six weeks, and 
conducted them so satisfactorily that it was matter of 
much regret when he left the school and returned to his 
family at Phantassie for the purpose of prosecuting his 
intended profession. 
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Rennik's Master — Andrew Meikle. 

Andrew Fletcher, of Saltoun, fled into Holland during 
the political troubles in the reign of Charles II., and 
during his residence there, he was particularly struck by 
the expert methods employed by the Dutch in winnowing 
com and shealing barley. The chaff was then ordinarily 
separated from the com by means of wind upon a knoll, 
or a draught of air blowing through the barn-door ; and 
barley was shealed by pounding the grains with water in 
the hollow of a stone, until by that means the husks were 
rubbed off. 

Fletcher saw that there was a great waste of labour and 
food in these processes — for oat- and barley-meal formed 
the principal food of Scotland — and during his residence 
abroad he determined to introduce the Dutch methods 
into his own country. Writing home to his brother, he 
desired him to send out to Holland one James Meikle, an 
ingenious country wright of Wester Keith,* for the 
purpose of learning the above arts and importing the 
requisite msichinery into IScotland. 

After a stay of about two months in that country, 
Meikle returned home, bringing with him a winnowing 
machine, commonly called a pair of fanners, and the iron- 
work requisite for a barley-mill. These were safely trans- 
ported to Leith, and afterwards conveyed to Saltoun, 



♦ It would seem that the ances- 
tors of Meikle were held in esteem 
as ingenious workmen for gene- 
rations; the Scots Parliament 
having, in 1686, passed a special 



Act for the encouragement of 
John Meikle, founder, who, it 
appears was the first person to 
introduce the art of iron-founding 
into Scotland. 
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where the barley-mill was erected and set to work ; 
for many years it was the only machine of the kind in 
British dominions — so slow were people in those day 
copy the improvements of their neighbours. " Sail 
barley " was the name by which dressed pot barley 1 
became known, and it continued to preserve the n 
long after barley-mills had c»me into general use. 

James Meikle was equally successful in constmc 
his fanners for winnowing corn; but they had m 
superstitious prejudice to encounter, — the country pe 
looking upon the grain cleaned by them with suspic 
' as procured by " artificially-created wind." The cl< 
even ai^od tiiat " winds were raised by God alone, 
it was irreligious in man to attempt to raise wind for I 
self, and by efforts of his own ;" and one clergyman ( 
refused the holy communion to such of his parishio 
as irreverently raised " Devil's wind." The reader 
' Old Mortality ' will remember Mauso Headrigg's in 
nation when it was proposed that her " son Cuddle shi 
work in the bam wi' a new-fangled machine for dighLiu 
the com frae the chalT, thus impiously thwarting the will 
of Divine Providence by raising wind for your leddyship's 
ain particular use by human art, instead of soliciting it 
by prayer, or waiting patiently for whatever dispensa- 
tion of wind Providence was pleased to send upon the 
shealing-hill." Scott, however, was obviously guilty of an 
anachronism in this passage, for the first pair of fanners 
was not set up at Saltoun until the year 1720 — long 
after the period of Cuddle Headrigg's supposed trial — and 
it was not until seventeen years later that another win- 
nowing-maohine was set np in the neighbouring shire 
of Roxburgh, and employed as an ordinary agency iu 
farming operations. 

Andrew Meikle was the oniystirviving son of Fletcher's 
millwright, and like him was a clever mechanic. He had 
married and settled at Houston Mill, on James Bennie's 
Phantassie estate, where he combined the occupations of 
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small farmer, miller, and millwright. He had himself 
fitted up the machinery of the mill, of which he was the 
tenant ; and adjoining it was his millwright's shop, where 
h« carried on his small business in connection with mill- 
work — the demands of the district being as yet of an 
extremely limited character. ■ 



noDiUa Mill. [By E, M. Wlmpfrts. oftet a Dranlng Uy J. S. Smiles.] 

Bnt the march of agricultural improvement had by this 
time fairly begun in East Lothian.* The public spirit 



• The Mnninis of Tweeddale 
inirodaoed the turnip into the 
county in 1740 ; the Earl of Had- 
dington and Mr. Walter of Bean- 
ston, first adopted the syatem of 



fallowing land and towing 1>road 
FioBerandrye-gtBSB. LordElibank 
and Sir Hew Dalrymple divided 
between them the merit of invent- 
in? or introducing the praotioe of 



202 



R£NNI£'S MAST£B— 



Chap. II 



displayed by Fletcher of Saltoun was imitated by his 
neighbours. But probably the gentleman who gave the 
greatest impulse to agricultural progress in the county, 
which shortly after extended itself over Scotland, was 
Mr. Cockbum of Ormiston, to whom belongs the honour 
of adopting the system of long leases. He early became 
convinced that the surest way of stimulating the industry 
of the farmer was to give him a substantial interest in the' 
improvement of the land which he farmed. One of his 
tenants having enclosed his fields with hedges and ditches 
at his own cost — the first farmer in Scotland who adopted 
the practice* — his landlord, to encourage his spirit of 
improvement, granted him a lease of his farm for nine- 
teen years, renewable at the expiry of that term for a like 
period. 

The results were found so satisfactory, that Mr. Cock- 
bum was induced to extend the practice, and before 
long it became generally adopted throughout the county. 
From that point agriculture advanced with extraordinary 
rapidity. The more thriving farmers sent their sons into 
England — ^a practice long since reversed — to learn the 
best methods of farming ; they employed better imple- 
ments and improved methods of culture ; their landlords, 
further to encourage them, built more commodious stead- 
ings and farmhouses; and they were greatly helped in 
this course by the unusual facilities for obtaining credit 
which persons of standing and property possessed, on the 
general extension, from about the middle of last century, 
of what is called the Scotch system of banking.f 

These measures soon put an entirely new face on the 
country. The distinction of "in-field" and "out-field" 
altogether ceased. Farms became completely enclosed, and 
sheep and black cattle were no longer allowed to roam 



under-draining; and Sir George 
Suttio first employed the NorfoUs 
system of rotation of crops. 



* Brown on * Hural Affairs.* 
t See Adam Smith's * WeaLtli 
of Nations/ Book II., Chap. 2. 
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at large. Fields were thrown together, and small holdings 
consolidated into large ones. The moorland and the bog 
were reclaimed and converted into fruitful farms. A 
single instance, of some historical interest, may be given. 
When the Eoyal army lay upon the field of Prestonpans 
in 1745, their front was " protected by a deep bog," across 
which Eobert Anderson, a young gentleman of the county, 
who knew every foot of the ground, contrived to lead the 
Pretender's army by a path known only to himself. That 
bog, like so many others, has long since been reclaimed by 
drainage and cultivation, and now forms part of one of 
the most fertile farms in the Lothians. 

Such was the improving state of affairs in East Lothian 
when Andrew Meikle began business at Houston Mill. 
His reputation as a mechanic and his skill in millwork 
were such, that he was usually employed in repairing and 
erecting mills in his own and the adjoining counties. 
Being an ingenious and thoughtful man, he eagerly turned 
his attention to the improvement of agricultural machinery, 
itaiore especially of that connected with the thrashing, 
winnowing, dressing, and grinding of grain. Thus, as 
early as the year 1768, we find him taking out a patent — 
one of the very first taken out by any Scotch mechanic — 
for a new machine contrived by him for dressing and 
cleansing com.* It was a combination of the riddle 
and fanners ; and, though of no great novelty, it showed 
the direction in which hi^ inventive faculties were at 
work. 

Nothing caused so much loss and vexation to the farmer 
in former times as the operation of separating the com 
from the straw. In some countries it was trodden out 
by cattle ; hence the Biblical proverb, " Thou shalt not 



* Patent No. 896. The name 
of Robert Mackell (employed with 
James Watt in the survey of the 
"ditch canal" through Perth- 
shire — see Life of Smeaton) was 



associated with that of Meikle in 
this patent; Mackell probably 
finding the money, and Meikk 
the brains. 



204 RENNIE'S MASTE.;— Chap. U. 

muzzle the ox that treadeth out the com." Sledges or 
trail-oarts were also used for the same purpose ; but the 
most common instrument employed was the flail. 33y 
either of these methods, however, the process of thrashing 
was slowly performed, whilst a considerable portion of the 
grain was damaged or lost. 

Many attempts had been made before Meikle's time to 
invent a machine which should satisfactorily perform this 
operation ; but without effect. An East Lothian gentle- 
man, named Michael Menzies, contrived one upon the 
principle of the flail, arranging a number of flails so as 
to be worked by a water-wheel; but they were soon 
broken to pieces by the force with which they fell. 
Another experiment was made in 1758 by a Stirlingshire 
farmer, named Leckie, who invented a machine on the 
principle of the horizontal flax-mill. It consisted of a 
vertical shaft, with four cross-arms fixed in a box, and 
when set in motion the arms beat off the grain from the 
straw when let down upon them by hand. Though this 
machine succeeded very well in thrashing oats, it cut off 
the heads of every other kind of com submitted to itfl 
operation. 

Similar attempts were made about the same time by 
farmers in the south, more especially by Mr. Ilderton at 
Alnwick, Mr. Smart at Wark, and Mr. Oxley at Flodden, 
about 1772-3. The machine employed by these gentle- 
men was composed of a large drum, about six feet in 
diameter, resembling a sugar hogshead, round which were 
placed a number of fluted rollers, which pressed inwards 
upon the drum by means of springs. The com, in passing 
the cylinder and rollers, was no doubt rubbed out ; but a 
large proportion of it being bruised and damaged by the 
operation; this plan too was eventually al^ndoned. Mr. 
Oxley is said to have afterwards tried the plan of stripping 
the com from the straw by means of a scutcher ; but the 
machine constructed with this object did not answer, and 
it was also laid aside. 
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Mr. Kinlocli,* of Gilmerton in East Lothian, had how- 
ever seen the last-mentioned machine at work, and ho 
conceived the idea of improving it. He accordingly had a 
model made, in which he contrived that the drum, mounted 
with four pieces of fluted wood, should work upon springs, 
pressing with less force upon the com in the process of ■ 
rubbing it out. This model was shown to Meikle, with 
whom Mr. Kinloch had many conversations on the subject ; 
and at the millwright's suggestion several improvements 
were made in it, one of which was the substitution of 
smooth feeding rollers for fluted ones. When the model 
had been completed, Mr. Kinloch sent it to Houston Mill 
to be tried by the power of Meikle's water-wheel. On 
being set to work, however, it was driven to pieces in a 
few minutes ; and the same fate befell a larger machine 
after the same model, which Mr. Kinloch got made for one 
of his tenants a few years later. 

The best result of Mr. Kinloch's experiments was, that 
they had the effect of directing the inventive mind of 
Andrew Meikle to the subject. After several years' 
thinking and planning, he constructed a thrashing-machine, 
about the year 1776. It consisted of a number of flails 
fixed in a strong beam moved by a crank, which beat out 
the com on two platforms, one on each side of the beam. 
The performance of this machine, in the presence of some 
East Lothian farmers who went to see it at work, was on 
the whole satisfactory ,t yet it did not come up to Meikle's 



* Afterwards Sir Francis Kin- 
loch. 

t The following is a literal copy 
of the memorandum which was 
drawn up and signed on the occa- 
sion : — 

"Know Mill,, 14th Feb., 1778— We 
whose names are gubtjoined, desired by 
Andrew Meikle to witness an experiment 
of his threshing machine, mett this day, 
and after onp hour's performance of said 
machine, with the assistance of one man to 
fised in and carry ot the straw, dight and 



metu^nred np one boll, and two forpets 
barley being of meen qualiile. We are of 
opinion that a Man, in the ordinary way 
of threshing, oouM not threshed abuve five, 
or 6 firlots at moss in one day. Th^ 
machine being simple, we suppose otie 
horse may worke it without an aditional 
man. The saving most be considerable. 
" (Signed) 
John DudReon, Tenent in Tyningham, 
Robert Dick, Tenent in H« d'lerwik, 
Gteorge Rennie, Tenent in Fantase. 
William Wilson, Tenent in Peastown, 
William Craig, Tyningham." 
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actations. On one of the gentlemen obsen'ing that 
flails and platforms probably would not bear the force 
the stroke, the inventor replied, that in case the 
ihino did not answer, he intended to try a method of 
ang out the com by means of fixed BCutohore or 
«re." 

cordingly be proceeded to work out this idea in 
itice, and after a few years he succeeded in perfecting 
invention on this principle, which was entirely new, 
se ecntcbers, shod with iron, were fixed upon a strong 
n or cylinder, which revolved with great velocity, and 
he process of so revolving, beat off the com instead of 
bing it off by pre^ure, as had been attempted by 
ler oontrivera. By dint of study and perseverance he 
®eded at length in perfecting his machine ; to which 
idded solid fluted feeding rollers, and aftei-wards a 
bine for shaking the straw, fanners for winnowing the 
I, and other improvements. 

teikle is said io have been superintending a mill job at 
;h, at the time when he was engaged in working out 
contrivance in his mind. He was accustomed t« walk 
e and back within the same day while his job was iti 
i, or a distance of about forty miles. Ho studied the 
eot during his journey, and would occasionally stop 
le traveUing to draw a rapid diagram upon the road . 
1 his walking-stick. It is related of him that on one 
sion, whilst very much engrossed with the subject of his 
.shing-mill, he haA, absorbed by his calculations, 
dered considerably from the right path. He stopped 
■t suddenly, and hastily sketching his plan on the road, 
aimed, " I have got it ! I have got it ! " Archimedes 
self, when he cried " Eureka," could not have been 
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■e, ao a condition, that if it did not answer the 
led pui'pose, Meikle was not to receive any payment 
. The result, however, proved quite satiBfactorj-, 
le thrashing-machine at Kilbeggie, which was driven 
iter power, long contiimed in good working order, 
next he erected was for Mr. George Eennie, at 
aasie, in the same year ; and by this time he had bo 
ted his machine as to enable it to be driven by 
, wind, or horses. That at Phantossie was worked 
rsu-power. In 1788 Meitle took out a patent for 
ventiou, describing himself in the specification as 
neer and machinist."" 

1 thrashing-machine proved to be one of the greatest 
ever conferred upon the husbandman, and efiected 
mense saving of labour as well as of com. By its 
I from seventy to eighty bushels of oats, and from 
to fifty bushels of wheat, might be thrashed and 
d in an hour ; and it is calciilated to have efiected 
ing, as compared with the flail, of one-hundredth 
if the whole com thrashed, or equal to a value of not 
han two millions sterling in Great Britain alone, 
i course of twenty years from the date of the patent, 
three hundred and fifty thrashing-mills were erected ■ 
st Lothian alone, at an estimated outlay of liearly 
thoiisand pounds; and, shortly after, it became 
illy adopted in England, and indeed all over the 
ed world. 

regret, however, to add, that Meikle did not reap 
pecuniary advantages from his invention, which a 
aodest and more pushing man would have done. 
s fell upon him on all sides and deprived him of the 
of his ingenuity, and even denied him any originality 
iver. When growing old and infirm. Sir John 
,ir bestirred himself to raise a subscription in his 
■; and a sum of 1500?. was coUeoted, which was 

ytontWo. 16*5: " Machine for aeparating Cora from Straw," 
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invested for his benefit. Mr. Dempster, M.P., wrote to Sir 
John, when on his charitable mission in 1809 : " Should 
your tour in East Lothian procure a suitable reward to 
the inventor of the thrashing-machine, it will redound 
much to your and the country's honour; our heathen 
ancestors would have assigned a place in heaven to 
Meikle."* 

Smeaton knew Meikle intimately, and frequently met 
him in consultation respecting the arrangements of the 
Dairy Mills, near Edinburgh, and other works; and he 
was accustomed to say of him, that if he had possessed 
but one-half the address of other people, he would have 
rivalled all his contemporaries, and stood forth as one of 
the first mechanical engineers in the kingdom. 

Among the various improvements which this ingenious 
mechanic introduced in millwork, were those in the sails 
of windmills. Before his time, these machines were liable 
to serious accidents on the occurrence of a sudden gale, or 
a shift in the direction of the wind. By Meikle's con- 
trivance, the machinery was so arranged that the whole 
sails might be taken in or let out in half a minute, accord- 
ing as the wind required, by a person merely pulling a 
rope within the mill. I'he machinery was at the same 
time kept in more uniform motion, and all danger from 
sudden squalls completely avoided. 

His additions to the power of water-wheels were also 
important, and on one occasion proved effectual in carry- 
ing out an improvement of a remarkable character in the 
county of Perth. This was neither more nor less than 
washing away into the river Forth some two thousand 
acres of peat moss, and thus laying bare an equivalent 
surface of arable land, now amongst the most valuable in 
the Carse of Stirling. 

The Kincardine Moss was situated between the rivers 
Teith and Forth. It was seven feet in depth, laid upon a 



* * Memoirs of Sir John Sinclair,* vol. ii. p. 99. 
II. 
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om of rich clay. In 1766 Lord Kaimea, who entered 
posaeBBion of the Blair Drummond estate, to which it 
nged, dotormined, if possible, to improve the tract of 
.; and it occurred to him that the easiest plan would 

wash the moss entirely away. But how was this to 
lone? The river Teith, which was the only available 
im at hand, was employed to drive a corn-mill. But 

1 Kaimes saw that it would answer his intended pur- 
if he could get poseeasion of it. He accordingly made 

arrangement by which ho became owner of the mill, 
ih he pulled down, and then turned tlie mill-stream in 
I the moss. Labourers were set to work to cut away 
stuff, which was thi-own into the current, and much 
; thus washed away. But the process was slow, and 
clearing of the land had not advanced very far by the 
■ 1783, when Lord Kaimee's eon, Mr. Home Drummond, 
red into poBsesaion of the estate. A thousand a«res 
remained, which he determined to get rid of, if 
ible, in a more summary manner than his predecessor 

r. Drummond consulted several engineers — amongst 
rs Mr. Whitworth, a pupil of Brindley'a — who recom- 
ded one plan ; hut George Meikle, a millwright at 
a, the son of Andrew, proposed another, the invention 
is father ; and Mr. Whitworth, with much candour and 
rality, at once acknowledged its superiority to his own, 
urged Mr. Drummond to adopt it. The invention con- 
d of a newly-contrived wheel, 28 feet in diameter and 
^t broad, for raising water in a simple, economical, 
powerful manner, at the rate of from 40 to 60 hogs- 
Is a minute; and it was necessary to raise it about 
eet, in order to reach the higher parts of the land, 
machinery, on being erected, was set to work, and with 
. good results, that in the course of a very few years, 
miles of barren moss was completely washed away, 
the district was shortly after covered with thriving 
isteads, as it remains to this day. 
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Meikle was a thorough mechanical inventor, and, 
wherever he could, he endeavoured to save labour by 
means of machinery. Stories are still told in the neigh- 
bourhood in which he lived, of the contrivances he adopted 
with this object in his own household, some of which were 
of an amusing character. One day a woman came to the 
mill to get some barley ground, and was desired to sit 
down in the cottage hard by, until it was ready. With the 
first sound of the mill-wheels the cradle and chum at her 
side began to rock and to churn, as if influenced by some 
supernatural agency. No one was in the house besides 
herself at the time, and she rushed from it, frightened 
almost out of her wits. Such incidents as these brought 
an ill name on Andrew, and the neighbours declared of 
him that he was " no canny." 

He was often sent for to great distances, for the purpose 
of repairing pumps or setting mills to rights. On one 
occasion, when he undertook to supply a gentleman's house 
with water, so many country mechanics had tried it before 
and failed, that the butler would not believe Meikle when 
ho told him he would send in the water next day. Meikle, 
however, told him to get everything ready. " It will be 
time enough to get ready," said the incredulous butler, 
" when we see the water." Meikle pocketed the affront, 
but set his machinery to work early next morning; and 
when the butler got out of bed he found himself up to his 
knees in water, so successfully had the engineer performed 
his promise. 

Meikle lived to an 'extreme old age, and was cheerful to 
the last. He was a capital player on the Northumbrian 
bagpipes. The instrument he played on was made by 
himself, the chanter being formed out of a deer's shank- 
bone. When ninety years old, at the family gatherings 
on " Auld Hansel Monday," his six sons and their numerous 
families danced about him to his music. He died in 1811, 
in his ninety-second year, and was buried in Prestonkirk 
churchyard, close by Houston Mill, where a simple monu- 

p 2 
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is erected to hifl memory, bearing the following 
Dtion :— 

leath this Stone are deposited the remains of the late Andrew 
. civil eogineer at Houston Mill, who died in tbeyearlBll, 
2 yenrs. Descended front a race of ingenious mechanics, to 
the country for ages bad bees greatly iadebted, he steadily 
1 the example of his ancestors, and, by inventing and bring- 

perfection a machine for separating corn from the straw 
icted apoD the principles of velocity, and furnished with fixed 

or skutchem), rendered to the E^ricutturists of Britain and 
r nations, a more beneficial service than any hitherto recorded 
tnoals of ancient or modem science." * 

li was the master who first trained and disciplined 
:tll of John Bennie, and implanted in his mind an 
iiasm for mechanical excellence. Another of his 
itices was a man who exercised almost aa great an 
ice on the progress of mechanics, through the number 
t-rate workmen whom he trained, as Ecnnie himself 
the art of engineering. We allude to Peter Nichol- 
1 admirable mechanic and architect, author of nume- 
TOrks on carpentry and architecture, which to this 
■e amongst the best of their kind. We now pursue 
reer of Andrew Meikle'a moat distinguished pupil. 

ia remarkable that Scotch shape of a poem, the 'Liisiad;' 
Jiy should be altogether but the name of the inventor ot 
respecting this inRenious the thrashing-machine is not even 
feful workman. In the mentioned; afibrding a singular 
aborate of the Scotch bio- illustration of the neglect which 
lal collections — that of this department of biography has 
Chambers, in four large I heretofore experienced, though it 
8— not a word occurs re- has been by men such as MeikLe, 
to Meikle, An article is ' and not by poets, that this counlrv 
I to Mickle, the translator has in a, great measure been mail* 
her man's invention in the what it is. 
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CHAPTER III. 

Rennie begins business as Millwright and Engineer. 

We have now seen how Rennie was educated — at schofji 
and workshop — and how the ingenious Andrew Meikle was 
not the least useful of his schoolmasters. 

On Rennie's return to Phantassie, after conducting for a 
time the burgh school at Dunbar, he continued to pursue 
his studies, especially in mathematics, mechanics, and 
natural philosophy. He also frequented the workshop of 
his friend Meikle, assisting him with his plans, and taking 
an especial interest in the invention of the thrashing- 
machine, which Meikle was at that time engaged in 
bringing to completion. He was also entrusted to superin- 
tend the repairs of corn-mills in cases where Meikle could 
not attend to them himself; and he was sent, on several 
occasions, to erect machinery at a considerable distance 
from Prestonkirk. Rennie thus gained much valuable 
experience, and acquired some confidence in his own powers. 

He next began to undertake millwork on his own account. 
His brother George was already well known as a clever 
farmer, and the connection helped him to considerable em- 
ployment. Meikle was also ready to recommend him in 
cases where he could not accept the work offered him in 
distant counties ; and hence, as early as 1780, when Rennie 
was only nineteen years of age, we find him employed in 
fitting up the new mills at Invergowrie, near Dundee. He 
designed the machinery as well as the buildings for its 
reception, and superintended them to their completion. 

His next work was to prepare an estimate and design 
for the repairs of Mr. Aitcheson's flour-mills at Bennington, 
near Edinburgh. Here he employed cast-iron pinions. 
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n trundlefl formerly need — one of the 
to introduce iron into this portion of 
1b. 

iays in design, were considered very 
brought him both money and fame. 
ipon him, and before the end of his 
tiad abundant employment. But he 
onfining himself to the business of a 
for he aimed at a higher professional 
rider field of work. Desirous, there- 
mself in scientific culture, and proee- 
1 mechanical philosophy which he had 
nd pursued at Dunbar, he determined 
dent at the University of Edinburgh. 
i formed the reeolution — by no means 
ng men of even a humbler class — of 
t college entirely by his own labour. 
it by diligence and assiduity he would 
lOugh during the summer months to 
nstmctlon and maintenance ; and his 
nd his style of living very plain, he 
ute his design without difficulty. 
.riculated at Edinburgh in November, 
16 classes of Dr. Eobison, Professor 
ly, and of Dr. Black, Professor of 
I of the highest distinction in their 
bison was an eminently prepossessing 
vely in manner, full of fancy and 
versatile in talent, a profound and 
is varied experience of life, and the 
which he had acquired of the prin- 
ractice of the mechanical arts, proved 
a an instructor of youth. The state 
■as then at a very low ebb in this 
iirs of Continental philosophers were 
to those who ocoiipied the chairs in 
results of their elaborate researchea 
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lying concealed in foreign languages, or being known, at 
most, to a few inquirers more active and ardent than their 
fellows ; while the general student, mechanic, and artisan, 
were left to draw their principal information from daily 
observation and experience. 

Under Dr. Eobison the study of natural philosophy 
became invested with unusual significance and importance. 
The range of his knowledge was most extensive ; he was 
familiar with the whole circle of the accurate sciences, and 
in imparting information, his understanding seemed to work 
with extraordinary energy and rapidity. The labours of 
others rose in value under his hands, and new views and 
ingenious suggestions never failed to enliven his prelections 
on mechanics, hydrodynamics, astrononiy, optics, electricity, 
and magnetism, the principles of which he imfolded to his 
pupils in language at once fluent, elegant, and precise. 
Lord Cockbum, in his * Memorials,* remembers him as 
somewhat remarkable for the humour in which he indulged 
in the article of dress. " A pigtail so long and thin that 
it curled far down his back, and a pair of huge blue worsted 
hose, without soles, and covering the limbs from the heel 
to the top of the thigh, in which he both walked and lec- 
tured, seemed rather to improve his wise elephantine head 
and majestic person." He delighted in holding familiar 
intercourse with his pupils, whom he charmed and elevated 
by his brilliant conversation and his large and lofty views 
of life and philosophy. Eennie was admitted to his de- 
lightful society, and to the close of his career he was ac- 
customed to look back upon the period which he spent at 
Edinburgh as amongst the most profitable and instructive 
in his life. 

During his collegfe career, Eennie carefully read the works 
of Emerson, Switzer, Maclaurin, Belidor, and Gravesande, 
allowing neither pleasure nor society to divert him from 
his studies. As a relief from graver topics, he set himself 
to learn the French and German languages, and was shortly 
enabled to read both with ease. His recreation was mostly 
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uf a Bdlitar^ kitui, and, having a little taste for masic, 
lio t'Tiijiloj'ed some of hie leisure time in learoing to play 
n]>un vuriouH iiiBtrumcnts. Ho acquired considerable prO' 
ticiency on the flute and tho violin, and he even went so 
far as to buy a pair of bagpipes and learn to play upon 
them, — though tho aelection of such an instrument probably 
doos not say much for his musical taste. When he left 
Eilinburgh and entered serioTisly upon tho business of life, 
tho extensive nature of his engagementB so completely 
uccui>ied his time, that in a few years flute, flddle, and 
liagpipes, wero laid aside altogether. 

During tho three years that ho attended college our 
student was busily occupied in the summer vacation — ex- 
tending from the beginning of May to the end of October 
in each year — in executing millwork in various parte of 
the country. Amongst the undertakings on which ho wag 
thus employed, may be mentioned the repair or construction 
of tho Kirkaldy and Bennington Flour Mills, Proctor's Mill 
at Glammie, and the Carron Foundry Mills. When not 
engaged on distant works, his brother George's house at 
Phantassie was his headquarters, where he prepared his 
designs and specifications. He had the use of the workshop 
at Houston Mill for making such machinery as was intended 
for erection in the neighbourhood ; but when he was em- 
ployed at some distant point, the work was executed in 
the most convenient places he could find for the purposti. 
There were as yet no large manufactories in Scotland where 
machinery of an important character could be turned out 
as a whole ; the millwright being under tho necessity of 
sending one portion to tho blacksmith, another to the 
founder, another to the brass-smith, and another to the 
carpenter— a stata of thin^ involving a great deal of 
trouble, and risk of failure, — but which was eminently cal- 
culated to familiarize our young engineer with the details 
of every description of work required in the practice of hia 
profession. 

Hia college training having ended in 1783, and being 
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desirous of acquiring some knowledge of English en- 
gineering practice, Eennie set out on a tour through the 
manufacturing districts. Brindley's reputation attracted 
him first towards Lancashire, for the purpose of inspect- 
ing the works of the Bridgewater Canal. There being 
no stage coaches convenient for his purpose, he travelled 
on horseback, and in this way he was enabled readily 
to diverge from his route for the purpose of visiting 
any structure more interesting than ordinary. At Lan- 
caster he inspected the handsome bridge across the Lune, 
then in course of construction by Mr. Harrison, afterwards 
more celebrated for his fine work of Chester Gaol. At 
Manchester he examined the works of the Bridgewater 
Canal; and at Liverpool he visited the docks then in 
progress. 

Proceeding by easy stages to Birmingham, then the 
centre of the mechanical industry of England, and dis- 
tinguished for the ingenuity of its workmen and the 
importance of its manufactures in metal, he took the oppor- 
tunity of visiting the illustrious Boulton and Watt at 
Soho. His friend, Dr. Eobison, had furnished him with a 
letter of introduction to J^mes Watt, who received the 
young engineer kindly and showed him every attention ; 
and a friendship then began which lasted until the close of 
Watt's life. 

Thecondensing-engine had by this time been brought 
into an efficient working state, and was found capable not 
only of pumping water— almost the only purpose for which 
it had originally been intended — but of driving machinery, 
though whether with advantageous results was still a 
matter of doubt. Thus, in November, 1782, Watt wrote to 
hia partner Boulton, " There is now no doubt but that fire- 
engines will drive mills, but I entertain some doubts whether 
anything is to be got by them." About the beginning of 
March, 1783, however, a company was formed in London 
for the purpose of erecting a large corn-mill, to be driven 
by one of Boulton and Watt's steam-engines, and tho i^ ork 
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B ill progress at the time that Eennie visited Soho. Watt 
1 much conversation with his visitor on the subject ol 
n-niill machinery, and was gi-atified to learn the extent 
1 accuracy of his information. He seems to have been 
ivoked beyond measure by the incompetency of his ovm 
rkmen. " Our millwrights," ho wrote to bis partner, 
ave kept working, working, at the corn-mill ever since 
I went away, and it is not yet finished ; but my patience 
Qg exhausted, I have told them that it muut be at an 
1 to-morrow, done or undone. There is no end of mill- 
ights once you give them leave to set about what they 
1 machinery ; here they have multiplied wheels upon 
eels until it has now almost as many as an orrery." 
iVatt himself had but little knowledge of millwork, and 
od greatly in need of some intelligent millwright to take 
irge of the fitting up of the Albion Mills. Young Rennio 
med to him to be a very likely person ; but, with charac- 
istic caiition, ho said nothing to him of his intentions, 
; determined to write privately to bis friend Eobison 
Dn the subject, requesting particularly to know his 
nion as to tlie young man's qualifications for taking the 
lerintendenco of such important works. Dr. Hobison's 
iwer was decided ; his opinion of Ronnie's character and 
lity was so favourable, and expressed in so confident 
one, that Watt no longer hesitated ; and he wrote to 
f young engineer, after he had returned home, inviting 
a to undertake the supervision of the proposed Alhion 
lis, ao far as concerned the planning and erection of the 
uisite machinery. 

iVatt'a invitation found Eennio again in full employ- 
nt. Ho was engaged in designing and erecting mills 
I machinery of different kinds. Among his earlier works, 
also find him, in 1784, when only in his twenty-third 
ir, occupied in superintending the building of his first 
dge— the forerunner of a series of structures which 
^e not been surpassed in any age or country. His 
liest bridge was erected for tho trustees of the county 
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of Mid-Lothian, across the Water of Leith. near Steven- 
liouBe Mill, about two miles west of Edinburgh. It is 
the first bridge on the Edinburgh and Glasgow tumpike- 



Not with standing the extent of hia engagements, and his 
proepects of remunerative employment, itennie looked 
npon the invitation of Watt as a favourable opportunity 
for enlarging his experience ; and, after due deliberation, 
he replied accepting the appointment. He proceeded, how- 
ever, to finiah the works he had in hand ; after which, 
taking leave of hia friends at Phantaasie, he set out for 
Birmingham on the 19th of September, 1784. He re- 
mained there for two months, during which he enjoyed 
the closest personal intercourse with Watt and Boulton, 
and was freely admitted to their works at Soho, which had 
already become the most important of their kind in the 

Birmingham was then the centre of the mechanical 
industry of England. For many centuries, working in 
metals bad been the staple trade of the place. Swords 
were made there in the tim.e of the ancient Britons. In 
the reign of Henry VIII., Leland fonnd " many smythes 
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;he town that ubo to make knivee and all manner of 
;ing tools, and many lorioerB that make bittes. and a 
it many nailers ; bo that a great part of the town U 
ntained by sniythes who have their iron and sea-coal 
of Staffordshire." 

'he artisans of the place thus had the advantage of 
training of many generations ; aptitude for handicraft. 

every other characteristic of a people, descending 
a father to son like an inheritance. There was then 
x>wn in England where mechanics were to bo fonnd so 
ible of aatiafactorily executing original and unaccus- 
ed work, nor has the skill yet departed from them- 
iTjgh there are now many districts in which far more 
^hinery is manufactured than in Birmingham, the 
kmcn of that place are still superior to most others 
sxocuting machinery requiring manipulative skill and 
terity out of the common track, and especially in 
•ying out new designs. The occupation of the people 
e them an air of quickness and intelligence which was 
te now to strangers accustomed to the quieter aspects 
rural life. When Hutton entered Birmingham, he was 
xiially struck by the vivacity of the persons he met in 

streets. "I had," he says, "been among dreamers, 
now I was among men awake. Their very step showed 
irity. Every man seemed to know and prosecute his 
1 affairs." He also adds, that men whose former dia- 
ition was idleness no sooner breathed the air of Bir- 
Lgham than diligence became their characteristic, 
lennie did not stand in need of this infection being 
imunicated to him, yet he was all the better for his 
tact with the population of the town. He made him- 
' femiliar with their processes of handicraft, and, being 
3 to work at the anvil himself, he could fuUy appre- 
id the skill of the Birmingham artisans. The manu- 
[ure of steam-engines at Soho chiefly attracted his 
ice and his study. He had already made himself 
uainted with the principles as well as the mechaniml 
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details of the steam-engine, and -vv^as ready to suggest 
improvements, in a very modest way, even to Watt him- 
self, who was still engaged in perfecting his wonderful 
invention. 

The partners thought that they saw in him a possible 
future competitor in their trade; and in the agreement 
which they entered into with him as to the erection of the 
Albion Mills, they sought to bind him, in express terms, 
not only to abstain from interfering in any way with the 
construction and working of the steam-engines required 
for the mills, but to prohibit him from executing such 
work upon his own account at any future period. Though 
ready to give his word of honour that he would not in any 
way interfere with Watt's patents, he firmly refused to 
bind himself to such conditions; being resolved in his 
own mind not to be debarred from making such improve- 
ments in the steam-engine as experience might prove to 
be desirable. And on this honourjable understanding the 
agreement was concluded; nor did Eennie ever in any 
way violate it, but retained to the last the friendship and 
esteem of both Boulton and Watt. 

On the 24th of November following, after making him- 
self fully acquainted with the arrangements of the engines 
by means of which his machinery was to be driven, our 
engineer set out for London to proceed with the designing 
of the mill work. It was also necessary that the plans of 
the building — which had been prepared by Mr. Samuel 
Wyatt, an architect of reputation in his day — should 
undergo revision ; and, after careful consideration, Eennie 
made an elaborate report on the subject, 'recommending 
various alterations, which were approved by Boulton and 
Watt, and forthwith ordered to be carried into effect. 
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CHAPTEE IV. 

The At.bion Mills— Mr. Rii;snib 4s Engineer. 

J Eennie arrived in London in 1785, the country ■wns 
state of eerioua depreaaion in consequence of the 
iceshful termination of the American War. Par- 
nt was engaged in defraying the heavy coet of the 
t struggle with tlie revolted colonies, 'i'he people 
ill at ease, and giiimhled at the increase of the debt 
taxes. The unruly population of the capital could 
difficulty be kept in order. The police and local 
mment were most inefficient. Only a few years 
3, London had, during the Gordon riots, been for 
al days in the bands of the mob, and blackened ruins 
ferent parts of the city still marked the track of the 

ough the largest city in Europe, the population of 
on was scarcely more than a third of what it ia now ; 
t was thought that it had become so ^ast as to be 
inageable. Its northern threshold was at Hicks's 
in Clerkenwell. Somers 'I'own, Camden Town, and 
■mia were as yet green fields ; and Kensington, 
lea, Marylebone, and Bennondaey were outlying vil- 
. Fields and hedgerows led to the hills of fiighgate 
Hampstead. The West End of London was a thinly- 
)ited suburb. A wide tract of marshy ground ex- 
id opposite Lambeth. The westernmost building in 
minster was Millbank. Executions were conducted 
?bum fields, now known aa Tybumia, down to 178iS. 
rd Street, from Princes Street eastward as far as High 
t, St. Giles's, had only a few houses on the north side, 
bmember it," says Pennant, " a deep hollow road and 
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full of sloughs, with here and there a ragged house, the 
lurking-place of cut-throats ; insomuch that I was never 
taken that way by night, in my hackney-coach, to a 
worthy uncle's who gave me lodgings at his house in 
George Street, but I went in dread the whole way." 

Paddington was " in the country," and the communica- 
tion with it was kept up by means of a daily stage — a 
lumbering vehicle, driven by its proprietor — which was 
heavily dragged into the city in the morning, down Gray's 
Inn Lane, with a rest at the Blue Posts, Holbom Bars, to 
give passengers an opportunity of doing their shopping. 
The morning journey was performed in two hours and a 
half, " quick time," and the return journey in the evening 
in about three hours. 

Heavy coaches still lumbered along the country roads 
at little more than four miles an hour. A new state of 
things had, however, been recently inaugurated by the 
starting of the first mail-coach on Palmer's plan, which 
began running between London and Bristol on the 24th of 
August, 1784, and the system was shortly extended to 
other places. Numerous Acts were passed by Parliament 
authorising the formation of turnpike-roads and the erec- 
tion of bridges.* The general commerce of the country 
was also making progress. The application of recent 
inventions in manufacturing industry gave a stimulus to 
the general improvement, and this was further helped by 
a succession of favourable harvests. The India Bill had 
just been renewed by Pitt, and trade with India was 
brisk. A commercial treaty with France was on foot, 
from which great things were expected ; but the outbreak 
of the Ee volution, which shortly after took place, put an 



* In the interval between 1784 
and 1792, not fewer than 302 Acts 
were passed authorising the con- 
struction of new roads and bridges, 
64 authorising the formation of 
canals and harbours, and still 



more numerous Acts for carrying 
out measures of drainage, cnclo* 
sure, paving, and other local im- 
provements — a sufficient indica- 
tion of the industrial activity oi 
the nation at that time. 
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end for a lime to those hopes of fraternity and peacef 
trade in which it had originated. The Government bold 
interposed to check smuggling, and Pitt sent a regime 
of soldiers to bum the smugglers' boats laid yp on De 
beach by the severity of the winter, so that the hone 
traders might havo the full benefit of the treaty wi 
Franco which Pitt had secured. Increased trade flowi 
into the Thames, and ministers and monarch indulged 
drawing glowing pictures of pi-oaperity. 

When Pennant visited Iiondon in 1790, he found tl 
river covered with shipping, presenting a double forest 
masts, with a narrow avenue in mid-channel. The small 
vessels discharged directly into the warehouses along tl 
banks of the river, whilst the India ships of large burdt 
mostly lay down the river as far as Blackwall, and di 
charged into lighters, which floated up their carj^oes to tl 
city wharves. London as yet possessed no public docks- 
only a few private ones, open to the river, of very limiti 
eKtent,^although Pennant speaks of Mr. Perry's dock ai 
ship-yard at Blackwall, on the eastern side of the Isle 
Dogs, as " the greatest private dock in all Europe 1 
Another was St. Saviour's, denominated by Pennant " t] 
port of Southwark," though it was only thirty feet wid 
and used for discharging barges of coal, com, and oth 
sommodities. There was also the Execution Dock at Wa 
ping, which witnessed the occasional despatch of seagoii 
criminals, who were hanged on a gallows at low-wat 
mark, and left there until the tide flowed over their dei 
bodi^. 

Among the commercial enterprises to which the i 
creasing speculation of the times gave birth, was t] 
erection of the Albion Mills. For the more convcnie- 
transit of oom and flour, as well as to secure a plentif 
supply of water for engine purposes, it was determined 
erect the new mills on the banks of the Thames, near t] 
south-east end of Blackfriare Bridge. Hand-mills, whii 
had ill the first place been used for pounding wheat in 
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flour, had long since been displaced by water-mills and 
windmills ; and now a new agency was about to be 
employed, of greater power than either — the agency of 
st^^m. 

Fire-engines, or steam-engines, had heretofore been em- 
ployed almost exclusively to pump water out of mines; 
but the possibility of adapting them to the driving of 
machinery having been suggested to the inventive mind 
of James Watt, he set himself at once to the solution of 
the problem, and the result was the engines for the 
Albion Mills — the most complete and powerful which had 
been produced by the Soho manufactory. They consisted 
of two double-acting engines, of the power of 50 horses 
each, with a pressure of steam of five pounds to the 
superficial inch — the two engines, when acting together, 
working with the power of 150 horses. They drove 
twenty pairs of millstones, each four feet six inches in 
diameter, twelve of which were usually worked together, 
each pair grinding ten bushels of wheat per hour, by 
day and night if necessary. The two engines working 
together were capable of grinding, dressing, &c., complete, 
150 bushels an hour — by far the greatest performance 
achieved by any mill at that time, and probably not since 
surpassed. 

But the engine power was also applied to a diversity ol 
other purposes, then altogether novel — such as hoisting 
and lowering the com and flour, loading and unloading 
the barges, and in the processes of fanning, sifting, and 
dressing — so that the Albion Mills came to be regarded 
as among the greatest mechanical wonders of the day. 
The details of these various ingenious arrangements were 
entirely worked out by Mr. Eennie himself, and they 
occupied him nearly four years in all, having been com- 
menced in 1784, and finished in 1788. Mr. Watt was 
so much satisfied with the result of his employment of 
Kennie, that he wrote to Dr. Eobison, thanking him foi 
his recommendation of his young friend, and speaking in 
u. ' Q 
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nor filed to any particular form; and Mnrdock (James 
Watt's ingenious assistant) had also employed cast-iron 
work to a limited extent in a mill erected by him in Ayr- 
shire; but these were very inferior specimens of iron 
work, and exercised no general influence on- mechanical 
improvement. 

Mr. Eennie's adoption of wrought- and cast-iron wheels 
was of much greater importance, and was soon adopted in 
all large machinery. The whole of the wheels and shafts 
of the Albion Mills were of iron, with the exception occa 
sionally of the cogs, which were of hard wood, working 
into other cogs of cast iron ; but where the pinions were 
very small, they were made of wrought iron. The teeth, 
both wooden and iron, were accurately formed by chipping 
and filing to the form of epicycloids. The shafts and 
axles were of iron and the bearings of brass, all accurately 
fitted and adjusted, so that the power employed worked to 
the greatest advantage and at the least possible loss by 
friction. The machinery of the Albion Mills, as a whole, 
was regarded as the finest that had been executed up to 
that date, and formed the model for future engineers to 
work by. Although Mr. Eennie executed many splendid 
specimens of machinery in his after career,* he himself 



* Shortly after the completion 
of these mills, Mr. Bennie was 
largely consulted on the subject 
of machinery of all kinds. The 
Corporations of London, Edin- 
burgh, Glasgow, Perth, and other 
places, took his advice as to flour- 
mills. • Agriculturists consulted 
him about thrashing-mills, millers 
about grinding-mills, and manu- 
facturers and distillers respiting 
the better arrangement of their 
works. In July, 1798, he was 
called upon to examine the ma- 
chinery and arrangements at the 
Royal Mint on Tower Hill. The 
result was, the construct.on of an 



entire new mint, worked by steam- 
power, with improved rolling, 
cutting out, and stamping machi- 
nery, after Mr. Bennie's designs. 
The new machinery was intro- 
duced between the years 1806 and 
1810. The cutting-out and stamp- 
ing-machines were the invention 
of the late Matthew Boulton, of 
Soho, but the machinery was by 
Bennie. On one occasion, in 
1819, a million of sovereigns was 
turned out in eight days 1 During 
the great silver coinage in 1826, 
the eight presses turned out, for 
nine months, not less than 247,696 
pieces per day, the rolling going 

a 2 
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acc«8tomod to say that the Albion Mill macliinery wm 
ather of them all. 

< a commercial eoterprise, the mills prumised to be 
(sefiil : they were kept constantly employed, and wero 
y to realise a handsome profit to their proprietors, 
1 unhappily they were destroyed by fire on the 3rd 
[arch, 1791, only three years after their completion. 
r erection had been viewed with great hostility by 
1 trade," and the projectors were f^osaly calumniated 
10 ground that tliey were establishing a monopoly 
■ions to the public ; which was sufEciently disproved 
le fact that the mills were the moans of considerably 
cing the price of flour while they continued in opera- 
The circumstances connected with the origin of the 
wero never cleared up, and it was generally believed 
le time that it was the work of an incendiary, 
iring the night when the buildings were destroyed, 
Eennie, who lived near at hand, felt unaccountably 
JUS. A presentiment as of some great calamity hung 

him, which he could not explain to himself or to 
rs. He went to bed at an early hour, but could not 
>. Several times he went off in a doze, and suddenly 
J up, having dreamt that the mills were on fire ! He 

looked out, and all was quiet. He went to bed again, 
at last fell into a profound sleep, from which he was 
id by the cry of " Fire ! " under his windows, and the 
lis of the fire-engioes on their way to the mills ! Ho 
led hastily, rushed out, and to his dismay found his 
d'ceuvre wrapt in flames which brightened the mid- 
t sky. The engineer was amongst the foremost in his 
bs to extinguish the conflagration ; but in vain. The 
had made too great progress, and the Albion Mills, 

; nnd night, and the stamiv that erected at the former plaoe 

ir fifteen hours out of ever; being capable of turning out 

j-four. Mr. Bennie also 200,000 pieces of ailvat in oway 

led the tDachiner; for the eight honiB. 
at Calcutta and Bombay; 
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Rennie's pride, were burnt completely to the ground, and 
were never rebuilt. 

The Albion Mills, however, established Mr. Rennie's 
reputation as a mechanical engineer, and introduced him 
to extensive employment. His practical knowledge of 
masonry and carpentry also served to point him out as a 
capable man in works of civil engineering, which were in 
those days usually entrusted to men bred to practical 
mechanics. 

There was not as yet any special class trained to the 
profession of engineering, and the number of persons who 
followed it was very small. Engineers were the product of 
circumstances, and of their instinct for construction ; and 
this was often the instinct of genius. Hence they were 
mainly self-educated : Smeaton and Watt being mathe- 
matical instrument makers, Telford a stonemason, and 
Brindley and Rennie millwrights ; force of character and 
bent of genius enabling each to carve out his career in his 
own way. 

There was very little previous practice to serve for their 
guide. When they were called upon to undertake works 
of an entirely original character, and could not find an old 
road, they had to make a new one. This threw them upon 
their resources, and compelled them to be inventive: it 
practised their powers and disciplined their skill, and in 
course of time the hi»bitual encounter with difficulties 
brought fully out their character as men, as well as their 
genius as ^agineers.. 

When the ruins of the Albion Mills had been cleared 
away, Mr. Rennie obtained leave from the owners to erect 
a workshop on a landing- wharf in Holland Street, a little 
below the site of the mills, where he afterwards carried on 
the business of a mechanical engineer.* But from an early 
period the civil branch of the profession occupied a con- 
siderable share of his attention, and eventually it became 



* His first place of business was at Old Jamaica Wharf, Upper 
Qround Street, Lambeth. 
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The application of the power of the steam-engine to the 
purposes of navigation was one of the subjects in which 
Lord Stanhope took a more than ordinary interest. As 
early as the year 1790 — before Fulton had applied his 
mind to the subject — he was in communication with Mr. 
Eennie as to the best mode of applying this novel power, 
and in that year he took out his patent for the propulsion 
of ships by steam ; but his plan, though ingenious, was 
never carried into practical effect.* On the 26th of April, 
1790, we find Mr. Eennie, in a*letter to the Earl, com- 
municating the information which he had required as to 
the cost of applying Bouiton and Watt's improved steam- 
engine to his newly-invented method of propelling ships 
without sails. 

Lord Stanhope had also, it appeared, taken objection to 
the space occupied by the condensing apparatus, and wished 
to know whether it could not be dispensed with, so that 
room might be economized. To this Mr. Eennie replied 
that it could, and that high-pressure steam might be em- 
ployed if necessary ; also that the cylinders might be used 
inclined or vertically, as best suited the space available for 
their accommodation. His Lordship proceeded to perfect 
his invention, and made a trial of its powers in Greenland 
Dock with a flat-bottomed boat constructed for the pur- 
pose ; but the vessel not moving with a velocity greater 
than three miles an hour, the plan was eventually 
abandoned. 

Shortly after the retirement of Mr. Smeaton from the 
profession, about the end of the year 1791, Mr. Eennie was 
consulted respecting numerous important canal under- 
takings projected in different parts of the country. 
Amongst them were a proposed navigation to connect 
Cambridge with Bury St. Edmunds — another between 
Andover and Salisbury — and a third between Eeading and 



* He adopted paddles, placed 
under the quarters of the vessel, 



which were made to open 
shut like the feet of a duck. 
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Bath, wliich was afterwards carried out by him as the 
I Rennet and Avon Canal. On this, his first work of civil 

engineering in England, he bestowed great pains, — on the 
survey, the designs for the viaducts and bridges, as well 
as on the execution of the works themselves. 

The Kennet and Avon Canal commences at Newbury, 
at the head of the Kiver Kennet Navigation, passes up the 
vale of the Kennet for 16j^ miles by Hungerford to 
Crofton, where the summit level begins, which is reached 
by 31 locks, rising in all 210 feet. It then proceeds by 
Bumslade, Wootton Kivers, and the valley of the Pewsey, 
to Devizes ; and from Devizes by Foxhanger, Semington, 
Bradford, and the vale of the Avon to Bath, joining that 
river just above the Old Bath Bridge, where the Bristol 
navigation terminates. The total length of the canal 
is 57 miles, the total descent on the west side of the 
summit being 404 feet 6 inches, divided into 48 locks. 
The Kennet is crossed several times, — at Hungerford by a 
brick aqueduct of three arches. At the summit a tunnel 
500 yards in extent was necessary, approached by deep 
cuttings. 

The strata between Wootton Rivers and Devizes being 
mostly open chalk and sand, great difficulty was ex- 
perienced in forming a water-tight bed for the canal, as 
well as in preventing slips of the adjacent ground. At 
that part of the line which lies between the river Eiss and 
Trowbridge, the works were carried along the face of a 
steep slippery hill. Then near Bradford the cutting is 
mostly through open rock, and beyond that through beds 
of tough clay interspersed with strata of fuller's earth. 
The water at these points worked serious mischief, for 
after a heavy fall of rain it would filter through the earth, 
and the weight of the mass pressing down from abovo, 
tended to force out the soft clay, causing extensive slips. 
On one occasion not less than seven acres of land slid into 
the canal, forcing the whole down into the river in the 
valley below. To remed.y this source of mischief, sougha 
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or small tunnels were carried into the hillside for a con- 
siderable distance, at a level much below that of the canal. 
These again were crossed by other intercepting drains, so 
that numerous distinct outlets were provided for the water 
to prevent its reaching the canal works, — which were 
thus made to stand firm, after great difl&culties had been 
overcome, and much expense incurred. 

Besides these works there were the usual bridges, aque- 
ducts, culverts, &c., all of which were executed in a sub- 
stantial manner. Among the finest architectural structures 
forming part of the canal, is the aqueduct over the river 
Avon, about a mile from Limpley Stoke and six miles 
from Bath, which is greatly admired for the beauty of its 
elevation ; and indeed, wherever there is an aqueduct or a 
bridge upon the line of this canal, it will be found ex- 
cellent in workmanship and tasteful in design. As a 
whole, the navigation was pronounced to be one of the 
best executed in the kingdom ; and the works have stood 
admirably down to the present time. In a commercial and 
national point of view the undertaking was of considerable 
importance, connecting as it did the navigation of the 
metropolis with that of Bristol and St. George's Channel, 
as well as opening up an extensive intermediate district ; 
although it did not prove very remunerative to its pro- 
prietors. 

Another important line of navigation, on which Mr. 
Kennie was shortly after engaged, was the Eochdale 
Canal, projected for the purpose of opening up a direct 
water communication between the manufacturing districts 
of West Yorkshire and South Lancashire, to avoid the 
circuitous route of the Leeds and Liverpool Canal. The 
main line extended from the Duke of Bridgewater's Canal 
at Manchester, by Eochdale and Todmorden, to the river 
Calder at Sowerby Bridge, a distance of 31 J miles, with a 
branch to join the Leeds and Liverpool Canal at Wanless, 
and other branches to Bury and Bolton. From the rugged 
nature of the country over which the canal had to be 
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carried — having to be lifted from lock to lock over the 

great mountain-ridge known as " the backbone of Eng- 
land " — few works have had greater physical obatacleB to 
encounter than thia between Rochdale and Todmorden. 



Lock! OD the Rwlidale Cioal. [6j PercLr^ SkelUm. tiat his orl^niil UnwInE.I 

A little before the traveller by railway enters the tnnnel 
near Littleborough, on his way between Manchester and 
Leeds, he can discem the canal mounting up the rocky 
sides of the hills until it is lost in the distance ; and as 
he emerges from the tunnel at its other end, it is again 
observed descending from the hill-tops by a flight of locks 
down to the level of the railway. In crossing the range 
at one place, a stupendous cutting, fifty feet deep, had to 
be blasted through hard rock. In other places, where 
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it climbs along the face of the hill, it is overhung by 
precipices. 

On the Yorkshire side, at Todmorden, the valley grows 
narrower and narrower, overhung by steep, often almost 
perpendicular rocks of millstone-grit, with space, in many 
parts, for only the water-way, the turnpike road, and the 
little river Calder in the bottom of the ravine. At some 
points, where space allowed, there were mills and manu- 
facturing establishments jealous of their water-supply, 
which the engineer had carefully to avoid. It was also 
necessary to provide against the canal being swept away 
by the winter's floods of the Calder, which rushed down 
with immense violence from Blackstone Edge. Large 
reservoirs had to be carefully contrived to store up water 
against summer droughts, for the purposes of the naviga- 
tion, as well as to compensate the numerous mills along the 
valley below. One of these, fourteen feet deep, was dug 
in a bog on Blackstone Edge, and others, of large dimen- 
sions, were formed at various points along the hill-route. 
But as these expedients were of themselves insufficient, 
powerful steam-engines were also erected to pump back 
the lockage water into the canal above, as well as into 
side-ponds near the locks to serve for reservoirs, and thus 
economise the supply to the greatest extent. 

No more formidable difficulties, indeed, were encountered 
by George Stephenson, in constructing the railway passing 
])y tunnel under the same range of hills, than were over- 
come by Mr. Eennie in carrying out the works of this 
great canal undertaking. The skill and judgment with 
which he planned them reflected the greatest credit on 
their designer ; and whoever examines the works at this 
day — even after all that has been accomplished in canal 
and railway engineering — will admit that the mark of a 
master's hand is unmistakably stamped upon them. The 
navigation was completed and opened on the 21st of 
December, 1804 ; and we need scarcely add that it proved 
of immense service to the trade of Yorkshire and I.anca- 
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shiro, — briugiog important masufactiiriiig districts into 
easy and economical connection witt each other, enabling 
cheap fuel to be brought to the doors of the population ol 
the valleys along which it passed, placing them in direct 
communication vith the markets of Manchester and Iiiver- 
pool, and, through the latter port, opening up a water road 
to the world at large. 



I.npB AqnediKt. neat LmicmM. By PereHml Sliellon, iller hii origlnul DrawlnB-] 

The Lancaster Canal was another enterprise conducted 
by Mr. Eennie in the same neighbourhood. A navigable 
communication between the coal-fields near Wigan and the 
lime districts about Lancaster, Burton, and Kendal, con- 
necting these towns also with the intervening country as 
well as with Liverpool, Manchester, and the towns of 
South Lancashire, had long been regarded as an object 
of importance. A survey had been made by Mr. Brindley 
as early as 1772, but nothing further was done until some 
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twenty years later, when a company was formed, with 
Mr. Eennie as engineer. The line surveyed by him com- 
mences near Wigan, and proceeds northward by Chorley, 
Preston, and Garstang, to Lancaster, where, skirting th(j 
east side of the town, and crossing the Lune by a noble 
aqueduct, it then passes by Haughbridge to its northern 
terminus at Kendal ; the tx)tal length of the main line 
being 75} miles, and the branches two miles more. The 
aqueduct over the Lune is the principal architectural work 
on the canal, consisting of five semicircular arches of 75 
feet span each ; the sofl&ts being 50 foet, and the surface of 
the canal 62 feet above the average level of the river. The 
total length of the aqueduct — which forms a prominent 
feature in the landscape — is 600 feet. The whole is built 
of hard sandstone, the masonry being in imitation of rock- 
work, the top surmounted by a handsome Doric cornice and 
balustrade. It exhibits, in fine combination, the important 
qualities of strength, durability, and elegance in design ; 
and even at this day it will bear a favourable comparison 
with the best works of its kind in the kingdom. 

Mr. Eennie continued throughout his life to be ex- 
tensively consulted as a canal engineer.* Though naviga- 



♦ The following canal works of 
Mr. Rennie may be mentioned : — 
The Aberdeen and Inverurie, 12 
miles long, laid out and constructed 
by him in 1796-7; the Calder 
Reservoirs and improvement of 
the Trent and Mersey Canal at 
Rudyard Valley, near Leek, 
1797-8; a branch of the Grand 
Trunk Canal to Henley, with a 
railway connecting it with the 
manufactories. He also made 
elaborate reports on the Leomin- 
ster Canal (1798) ; on the Chelmer 
and Blackwater Navigation; So- 
mersetshire and Dorsetshire Canal ; 
Horncastle Navigation ; River 
Foss Navigation ; Polbrook Canal 
(1799) ; Rotherhithe and Croydon ; 



Thames and Medway (1800) ; and 
River Lea Navigation (1804). 
Among the works surveyed by 
him, but which were not carried 
out, were these : a canal through 
the Weald of Kent (1802-3); a 
ship-canal between the Thames 
and Portsmouth (1803); a ship- 
canal between the Medway and 
Portsmouth (1810); a ship-canal 
from Chichester Harbour to Chi- 
chester (1804); and a ship-canal 
from Bristol to the English 
Channel (1811). He was also em- 
ployed by the Gloucester and 
Berkeley Canal Company, the 
Birmingham Canal Company, and 
the Leeds and Liverpool Canal 
Company, as their consulting en- 
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then moBtly valued for purpoaes of internal com- 
1, he Beems earl; to have fipprociatcd the uses of 
J, if not as a substitut« for them, at least as an 
Thus, when laj^ng ont a new branch of the 
ink Canal at Henley, in the Potteries, ho recom- 
le addition of a short descending railway, con- 
.6 navigation directly with the manufactories at 
Keferring to this method of communication, he 
hat the railroad " would form a quick and cheap 
arrying goods. Indeed," ho added, " I do not 
eaper or better, and, in my opinion, it might be 
i with great advantage for the branch canal in 
I have therefore to submit whether, as a matter 
the consideration of the proprietors, this branch 
t be saved, and a railroad substituted in its 
'his report was written, be it observed, early in 
before railroads had been introduced ; and the 
affords striking evidence of Mr. Rennic's 
1 so early detecting and appreciating the advan- 
lis new method of communication. 
Mr. Bennie was requested to examine the works 
pal Canal of Ireland. The origin of this project 
IS. The Grand Canal had already been formed 
; the navigation of the Liffey with that of the 
lear Banagher ; and though enormous blunders 
d its construction, and its cost had consequently 
isive, the trafSc upon it was so great as never- 
render it exceedingly profitable to i(« proprietors, 
naging committee consisted for the most part of 
' high rank, but amongst them was a retired 
', who had invested a very large sum in the 
ig, and made himself exceedingly busy in its 
Offence seems to have been taken at this person ; 
leddling in various matters, without authority, 
upture between him and the other members of 

I important I 
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tlie committee. They thwarted him at every turn, out- 
voted him, snubbed him, and " sent him to Coventry." 

Vowing revenge, the shoemaker threw up his seat at the 
board, and, on parting with his colleagues, said to them, 
" You may think me a very insignificant person, but I will 
soon show you the contrary. I will sell out forthwith, start 
a rival canal, and carry all the traffic." The threat was, of 
course, treated with contempt, and the shoemaker was 
lauglied out of the board-room. 

But the indignant man set to work with energy, got up 
a company, laid down a line of navigation from Dublin to 
the Shannon near Longford, passing by MuUingar; he 
secured the support of the landed gentry through whoso 
property the line passed, and eventually succeeded in 
obtaining an Act of Parliament authorising the construc- 
tion of the Royal Canal of Ireland. The works were 
begun with great eclat ; but, before they had proceeded 
far, it was found that the levels were entirely wrong, and 
there were numerous difficulties to be overcome, for which 
no provision had been made. 

Then it was that Mr. Rennie was called in, and found 
the whole concern in confusion ; the works at a standstill 
in many places, in bogs, in cuttings, in embankments, and 
in limestone rocks, and the proprietors involved in almost 
endless claims for compensation. He found it necessary to 
resurvey'the whole line and to alter the plans in many 
essential respects; after which the works proceeded. It 
proved to be a work of an extraordinary character as re- 
garded the difficulties, mostly unnecessary, which had 
been encountered in its construction ; as respected the 
beneficial results to the proprietors, it proved an almost 
total failure. 

The shoemaker, no doubt, had his revenge upon his 
former associates, inflicting great injury upon the Grand 
Canal by the diversion of much of its traffic ; but he ac- 
complished this at a terrible sacrifice to many, and at the 
almost total loss of his own fortune. 
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R. Runnik's Deaisagr of the Lincoln and Cah3riix}B 
Fens. 

wiTHSTANixso all that had been dooe for the drainage 
he Fens, as described in the early part of this work, 
e districts of reclaimable lands in Lincoln still lay 
te and unprofitable. As .early as 1789, Mr. Rennie'a 
ntion was drawn to the drowned state of the rich low- 
g lands to the south of Ely. He then recommended 
application of Watt's steam-engine to pump the water 
of the Botteshaw and Sohain Fens, which contained 
it five thousand acres of what was commonly called 
tten land." But the Fen men would not have the 
m-engine. Thoy wfere too much prejudiced in favour 
Irainage by windmills, as practised in Holland. It 
not until many years after, that his recommendation 
adopted and the st«am-engino was employed to pump 
water from the low-lying swamps which could not 
irwise be cleared. The results were so successful, 
; the same agency became generally employed for 
purpose, not only in England but in Holland itself, 
■re the forty-five thousand acree of Haarlemer Meer 
e since been effectually drained by the application of 
steam-engine. 

ne of the most important works of thorough drainage' 
ied out by Mr. Kennie, was in that extensive district of 
th Lincolnshire which extends along the south verge 
he Wolds, from near the city of Lincoln eastward to 
sea. It included Wildmore Fen, West Fen, and East 
., and comprised about seventy-five thousand acres of 
1 which lay under water for the greater part of each 
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year, and was thus comparatively useless either for grazing 
or tillage. The only crop grown in the fens was tall 
reeds, which were used as thatch for houses and bams, and 
even for churches. 

The ri\ »r Witham, which flows by Lincoln, had been 
grievously neglected and allowed to become silted up, — its 
bottom being in many places considerably above the level 
of the land on either side. Hence, bursting of the banks 
frequently occurred during floods, causing extensive 
inundation of the lower levels, — only a small proportion 
of the flood-waters being able to force their way to the 
sea. 

The wretched state of the land may be inferred from 
the fact that, about seventy years since, a thousand acres 
in Blankney Fen, constituting part of " the Dales " — ^now 
one of the most fertile parts of the district between Lin- 
coln and Tattershall — ^were let annually by public auction 
at Homcastle, and the reserved bid was only lOZ. for the 
entire area I * It is stated that, about the middle of last 
century, there were not two houses in the whole parish of 
Dogdyke communicable with each other during the winter, 
except by boat ; this being also the only means by which 
the Fen-slodgers could get to church. Hall, the Fen Poet, 
speaks of South Kyme, where he was bom, as a district in 
which, during the winter season, nothing was to be seen — 

^ But naked flood for miles and miles." 

The entire breadth of Lincolnshire north of Boston ofteL 
lay under water for months together : — 

** *Twixt Frith bank and the wold side bound, 
I question one dry inch of ground. 
' From Lincoln all the way to Bourne, 
Had all the tops of banks been one, 
I really think they all would not 
Have made a twenty acre spot.'' 



* * Journal of Royal Agricultural Society,' 1847, vol. viii. p. 124. 
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President of the Royal Society, endeaTonred to stir np the 
landowners to undertake the drainage of the district. He 
was the proprietor of a good estate at Eeveehy, near Tat- 
terehail ; and his manaion of Abbot's Lodge, standing on 
an elevated spot, overlooked the East and West Fens, ot 
which it commanded an extensive view. Sir Joseph spent 
a portion of every year at Eevesby, as he did at his other 
mansions, leaving each at special times appointed before 
hand, almost with the regularity of clockwork. He waa u 
popnlar and well-known man, jolly and good-humonred, 
full of public spirit, and, though a philosopher, not above 
taking part in the sports and festivitieB of the neighbour- 
hood in which ho resided. While Sir Joseph lived at 
Revesby he used to keep almost open house, and a constant 
succession of visitors came and went— some on pleasure, 
some on friendship, and some on business. 

The profuse hospitality of the place was enjoyed not 
less by the postilions and grooms who drove thither the 
baronet's guests, than by the visitors themselves ; and it 
was esteemed by the hotel postboys a great privilege to 
drive a customer to Reveaby. On one occasion, when Mr. 
Rennie went to dine and sleep at the Lodge, he took an 
opportunity of saying to the principal butler that he hoped 
he would see to his postboy being kept sober, as he wished 
to leave before breakfast on the following morning. The 
butler replied, with great gravity, that he was sorry he 
could not oblige Mr. Rennie, as the same man had left 
Eevesby sober the last time he was there, but only on con- 
dition that he might be allowed to get drunk the nest 
time he came, " Therefore," said the butler, " for the 
honour of the house, I must keep my word; but I will 
take care that you are not delayed for the want of 
horses and a postboy.", I'he butler was as good as his 
word : the man got drunk, the honour of Revesby was 
saved, and Mr. Rennie was enabled to set off in due time 
next morning. 

From an early period Sir Joseph Banks entertained the 
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design of carrying out the drainage of the extensive fen 
lands lying spread out beneath his hall window, and 
making them, if possible, a source of profit to the owners, 
as well as of greater comfort and better subsistence for the 
population. Indeed, the reclamation of these unhealthy 
wastes became quite a hobby with him ; and when he could 
lay hold of any agricultural improver, he would not let 
him go until he had dragged him through the Fens, ex- 
hibited what they were, and demonstrated what fertile 
lands they might be made. When Arthur Young visited 
Eevesby about 1799, Sir Joseph immediately started his 
favourite topic. " He had the goodness," says Young, in 
his Keport on Lincolnshire, " to order a boat, and accom- 
panied me into the heart of East Fen, which had the 
appearance of a chain of lakes, bordered by great crops of 
reed." 

Sir Joseph was a man of great public spirit and deter- 
mination : he did not allow the matter to sleep, but pro- 
ceeded to organize the ways and means of carrying his 
design into effect. His county neighbours were very slow 
to act, but they gradually became infected by his example, 
and his irresistible energy carried them along with him. 
The first step taken was to call meetings of the proprietors 
in the several districts adjoining the drowned and " rotten 
lands." Those of Wildmore Fen met at Homcastle on the 
27th of August, 1799, and resolutions were adopted autho- 
rizing the employment of Mr. Bennie to investigate the 
subject and report to a future meeting. 

One reason, amongst others, which weighed with Sir 
Joseph Banks in pressing on the measure was the scarcity 
of com, which about that time had risen almost to a famine 
price. There was also great difficulty in obtaining supplies 
from abroad, in consequence of the war which was then 
raging. Sir Joseph entertained the patriotic opinion that 
the best way of providing for the exigency was to extend 
the area of our English food-ground by the reclamation 
of the waste lands ; and hence his determination to place 
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sr tillage, if poasible, the thoTiBands of acres of rich 
equal to the area of Bome English cxtunties, lying under 
a: almoBt at hia own door. A few years' zealous efforts, 
i by the skill of the engineer, produced such results aa 
]j to juatLfy his anticipations, and proved hia judgment 
i as wise as his patriotism was beneficent, 
be manner in which Mr. Rennie proceeded to work out 
>roblem presented to him, was thoroughly characteristic 
le man. Most of the drainage attempted before fais 
i was of a Tory partial and inefficient character. It 
enough if the drainers got rid of the surplus water 
low, either by turning it into the nearest river, or 
ing it in upon a neighbour. What was dono in ono 
m was usually undone in the next. The ordinary 
ler did not care to look beyond the land immediately 
ir his own eyes. Mr. Eennie's practice, on tho con- 
r, was founded on a large and com.prehenBive view of 
subject. Ke was not bounded by the range of his 
m, but took into account the whole contour of the 
try. He had to consider the rainfall of the districts 
ugh which his drains wore to run, as well as that of 
jentral counties of England, whose waters flowed down 
1 the Fens ; the requirements of the lands themedves 
igarded their irrigation and navigation ; and, finally, 
nost effectual method not only of removing the *aters 
. particular parts, but of providing for their effectual 
large by proper outfalls into the sea, 
hat was the problem now to be solved by our engineer ? 
as how best to carry out to sea thf surplus waters of a 
ict extending &om the eastern coast to almost the 
re of England. Yarious streams descending from the 
olnshire wolds flowed through the level, whilst the 
lam brought down- the rainfall not only of the districts 
.e north and east of LinOoln, but of a large part of the 
-al counties of Rutland and Leicester. It was, there- 
necessary to provide fbr the clear passage of these 
rs, and also to get rid of the drainage of the Feni 
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themselves, a considerable extent of which lay beneath the 
level of the sea at high water. 

It early occurred to Mr. Bennie that, as the waters of 
the interior for the most part came from a higher level, 
their discharge might be provided for by means of distinct 
drains, and prevented from at all mingling with those of 
the lower lying lands. But wt)uld it be possible to " catch " 
these high land waters before their descent upon the Fens, 
and then to carry them out to sea by means of independent 
channels? He thought it would; and with this leading 
idea in his mind he proceeded to design his plan of a great 
" catch-water drain," extending along the southern edge of 
the Lincolnshire wolds. 

But there were also the waters of the Fens themselves 
to be got rid of, and how was this to be accomplished ? 
To ascertain the actual levels of the drowned lands, and 
the depth to which it would be necessary to carry the out- 
fall of his drains into the sea, he made two surveys of the 
district — the first in October 1799, and the second in March 
1800 — thus observing the actual condition of the lands both 
before and after the winter's rains. At the same time he 
took levels down to the sea outfalls of the existing drains 
and rivers. He observed that the Wash, into which the 
Fen waters ran, was shallow and full of shifting sands and 
silt. He saw that, during winter, the rivers were loaded 
with alluvial matter held in suspension, and that, at a 
certain distance from their mouths, the force of the inland 
fresh and the tidal sea waters neutralized each other ; and 
that there a sort of stagnant point was formed, at which 
the alluvium was no longer held in suspense by the force 
of the current. Hence it became precipitated in the chan- 
nels of the rivers, and formed banks or bars in the Wash 
outside their mouths, which proved alike obstiuctive to 
drainage and navigation. 

It required but little examination to detect the utter 
inadequacy of the existing outfalls to admit of the discharge 
of the surplus waters of so extensive a district. The fe"w 
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sluioes which had been provided had been badly designed 
and imperfectly constructed. The levels of the ontfaUs 
were too high, and the gowts and sluices too narrow, to 
accommodate the drainage in flood-times. These ontfaUs 
were also liable, in dry summers, to become choked up by 
the silt settling in the Washes ; and when a heavy rain fell, 
down came the waters from the high lands of the interior, 
and, unable to find an outlet, they burst the defensive 
banks of the rivers, and an amount of mischief was thus 
done which the drainage of all the succeeding summer 
failed to repair. 

Accordingly, the next essential part of Mr. Hennie's 
scheme was the provision of more effectual outfalls ; with 
which object he designed that they should be cut down to 
the lowest possible level of low water, whilst he arranged 
that at the points of outlet they should be mounted with 
strong sluices, opening outwards ; so that, whilst the &esh 
waters should be allowed freely to escape, the sea should 
be valved back and prevented flowing in upon the land. 
The third and last point was to provide for the drainage 
of the Fen districts themselves by means of proper cuts 
and conduits for the voidance of the Fen waters. 

Such were the general conclusions formed by Mr. Bennie 
after a careful consideration of the circumstances of the case, 
which he embodied in his report to the Wildmore Fen pro- 
prietors * as the result of his investigations. The two great 
features of his plan, it will be observed, were : (1) his inter- 
cepting or catchwater drains, and (2) his cutting down the 
outfalls to lower levels than had ever before been proposed. 
Simple though his system appears, now that its efficacy has 
been so amply proved by experience, it was regarded at the 
time as a valuable discovery in the practice of fen-draining, 
and indeed it was nothing less. 

There were, however, plenty of detractors, who alleged 
that it was nothing of the kind. Any boy, they said, who 



Report, dated the 7th of April, 1800. 
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has played at dirt-pies in a gutter, knows tliat if yon make 
an opening sufficiently low to let the whole contained water 
escape, it will flow away. It was the story of Columbus 
and the egg over again. It was quite true ; and yet no one 
had ever proposed or attempted Kennie's plan; and.it cost 
him many years of arguing, illustration, and enforcement, 
before he could induce the Fen-drainers of other districts 
to adopt the same simple but thoroughly scientific method 
by which he had effectually drained the Lincolnshire Fens. 
And even to this day there are whole districts in which the 
stubborn obstinacy of ignorant obstructives still continues 
to stand in the way of its introduction. The Wildmore 
Fen proprietors, however, had the advantage of being led 
by a sagacious, clear-seeing man in Sir Joseph Banks, who 
cordially supported the adoption of the plan with all the 
weight of his influence, and Mr. Bennie was eventually 
empowered to carry it into execution. 

In laying out the works, he divided them according to 
their levels, placing Wildmore and West Fen in one plan, 
and East Fen in another. In draining the former, the 
outlet was made by Anton's Gowt, about two miles and 
a half above Boston, and by Maud Foster, a little below 
that town. But both of these, being found too narrow and 
shallow, were considerably enlarged and deepened, and 
provided with double sluices and lifting gates: one set 
pointing towards the Witham, in order to keep out the 
tides and river-floods ; the other to the land, in order to 
prevent the water in summer from draining too low, and 
thereby hindering navigation as weU as the due irrigation 
of the lands. An extensive main drain was also cut through 
the Wildmore and West Fens to the river Witham, about 
twenty-one miles long and from eighteen to thirty feet 
wide, the bottom being an inclined plane falling six inches 
in the mile. 

The level of the East Fen being considerably lower than 
that of the Fens to the westward, it was necessary to pro- 
vide for its separate drainage, but on precisely the same 
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principleB. From the levels which were taken, it appeared 
that the bottom of " the Deeps," which formed part of the 
East Fen, was only two feet six inches above the cill of 
Maud Foster Sluice, thirteen miles distant; whereas its 
highest parts were but eight feet above the same point, 
giving a fall of only an inch and eight-tenths per mile at 
low water of neap tides. From some of the more distant 
parts of the same Fen, sixteen miles from the outfall, there 
would only have been a fall of five-tenths of an inch per 
mile at low water. It was clear, therefore, that even the 
higher levels of the East Fen ooidd not be effectually 
drained by the outfall at Anton's Gowt or Maud Foster ; 
and hence arose the necessity for cutting an entirely sepa- 
rate main drain, with an outfall at a point in the Wash 
outside the mouth of the river Witham.* 

This east main cut, called the Hobhole Drain, is about 
eighteen miles long and forty feet wide, diminishing in 
breadth according to its distance from the outfall; the 
bottom being an inclined plane falling four inches in the 
mile towards the sluice at Hobhole in the Wash. This 
drain is an immense work, defended by broad and lofty 
embankments extending inland from its mouth, to prevent 
the oontainQd waters flooding the surrounding lands. It 
is protected at its sea outlet by a strong sluice, consisting 
of three openings of fifteen feet each. When the tide rises, 
the gates, acting like a valve, are forced back and her- 
metically closed ; and when it falls, the drainage waters, 
which have in the mean time accumulated, force open the 
gates again, and. the waters flow into the sea down to the 
level of low water. A connection was also formed between 
the main drains emptying themselves at Maud Foster (three 
miles higher up the Witham) and the Hobhole Drain, the 
flow being regulated by a gauge; so that, during heavy 
floods, not only the low land waters of the East Fen dis- 
tricts were effectually discharged at Hobhole, but also a 



* See the Map in vol. r., of the " Fens as Drained in 1830 ;" p. 51. 
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consideraMe portion of the drainage of the West and Wild- 
more Fens. 

An essential part of the scheme was the cutting of the 
catchwater drains, which were carried quite round the base 
of the high lands skirting the Fens ; beginning with a six- 
feet bottom, and widening out towards their embouchures 
to sixteen feet. The principal work of this kind commenced 
near Stickney, and was carried eastward towards Wainfleet, 
to near the Steepings river. It was connected at Cowbridge 
with the main Hobhole Drain, into which the high land 
waters brought down by the catchwater drain were thus 
carried, without having been allowed, until reaching that 
point, to mix with the Fen drainage at all. 

It woidd be tedious to describe the works more in detail ; 
and perhaps the outline we have given, aided by the maps 
of the district, will enable the reader to understand the 
leading features of Mr. Kennie*s comprehensive design. 
The works were necessarily of a very formidable character, 
the extent of the main and arterial drains cut during the 
seven or eight years they were under execution being 
upwards of a hundred miles. They often dragged for want 
of funds, and encountered considerable opposition in their 
progress; though the wisdom of the project was in all 
respects amply justified by the residt.* 



♦ The following letter, written 
by a Lincolnshire gentleman, in 
January, 1807, appears in the 
* Farmer's Magazine * of February 
in that year : — " Our fine drainage 
works begin now to show them- 
selves, and in the end will do 
great credit to Mr. Bennie, the 
engineer, as being the most com- 
plete drainage that ever was made 
in Lincolnshire, and perhaps in 
England. I have been a commis- 
sioner in many drainages, but the 
proprietors never would suffer us 
to raise money sufficient to dig 
deep enough through the old en- 



closures into the sea before ; and, 
notwithstanding the excellency of 
Mr. Bonnie's plan, we have a 
party of uninformed people, headed 
by a little parson and magistrate, 
who keep publishing letters in the 
newspapers to stop the work, and 
have actually petitioned Sir Joseph 
Banks, the lord of the manor, 
against it ; but he answered them 
with a refusal, in a most excellent 
way. ... I think Mr. Bonnie's 
great work will promote another 
general improvement here, which 
is, to deepen and enlarge the river 
Witham from the sea, through 



252 



RENNIE AS FEN-DRAINER. 



Gbap. V. 



When the drainage of Wildmore and West Fens was 
finished, forty thousand acres of valuable land were com- 
pletely reclaimed, and in a few years yielded heavy crops 
of grain. East Fen was attacked the last, the difficulties 
presented by its formidable chain of lakes being by much 
the greatest; but the prize also was by far the richest. 
When the East Fen waters were drained off, the loose black 
mud settled down into fertile soil. Boats, fish, and wild- 
fowl disappeared, and the plough took their place. After 
being pared and burnt, the land in the East Fen yielded 
two and even three crops of oats in succession, of not less 
than ten quarters to the acre. 

The cost of executing the drainage had no doubt been 
very great, amounting to about 680,000Z. in all, inclusive 
of expenditure on roads, &c. ; against which had to be set 
the value of the lands reclaimed. In 1814 Mr. Anthony 
Bower, surveyor and valuer, estimated their improved 
rental'at 110,56lZ.; and allowing five per cent, on the 
capital expended on the works, we thus find the increased 
net value of the drained lands to be not less than 81,000Z. 
per annum, which, at thirty years' purchase, gives a total 
increased value of nearly two millions and a half sterling ! ♦ 

It was a matter of great regret to Mr. Eennie that his 



BoBton and Lincoln to the Trent, 
BO aB to admit of a oommunication 
for large vessels, as well as laying 
the water so much below the sur- 
face of the land as to do away with 

Land reclaimed in the East Fen . . 

^ „ West Fen .. 

„ „ Wildmore . . 

Adfjoining low lands Improved 



the engines. We have got an es- 
timate, and find the cost may be 
about 100,000Z." 

* Mr. Bower's estimate was as 
follows : — 

12,664 acres worth AOs, per ann. iC25,328 



Total acreage of improved and 
drained lands 



17,044 
10,773 
20,000 



60,481 



n 



50<. 
42». 
20«. 



t» 
tt 



42.610 
22,623 
20,000 



Annual value jt'110,561 



Less capital expended on drainage . £433,905 
. .. roads, Ac. .. 146.800 



£680,705 at 5 per cent 29,035 



Which at 30 yearsf pxirchaBe gives £2,445,780. 



£81,526 
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design was not carried out as respected the improved outfall 
of the Witham. It was an important part of his original 
plan that a new and direct channel should be cut for this 
river from Boston down to deep water at Clayhole, where 
the tide ebbed out to the main sea level, and there was 
little probability of the depth being materially interfered 
with by silting for many years to come. This new channel 
would have enabled all the waters— low land as well as 
high land — to be discharged into the sea with the greatest 
ease and certainty. It would also have completely restored 
the navigation of the river, which had become almost 
entirely lost through the silting up of its old winding 
channel. 

But the river Witham was under the jurisdiction of the 
corporation of Boston, who were staggered by the esti- 
mated cost of executing the proposed works, though it 
amounted to only 50,000Z. Accordingly, nothing was done 
to carry out this part of the design, and the channel con- 
tinued to get gradually worse, until at length it was 
scarcely possible even for small coasters to reach Boston 
Quay. As late as the year 1826 the water was so low that 
little boys were accustomed to amuse themselves by wading 
across the river below the town even at high water of 
neap tides. The corporation were at last compelled to 
bestir themselves to remedy this deplorable state of affairs, 
and they called in Sir John Kennie to advise them in their 
emergency. The result was, that as much of the ori- 
ginal plan of 1800 * was carried out as the state of their 



* In his admirable Report dated 
the 6th October, 1800, Mr. Rennie 
pointed out that the lines of di- 
rection in which the rivers Wel- 
land and Witham entered the 
Wash tended to the silting-np of 
the channels of both, and he sug- 
gested that the two river outlets 
should be united in one, and di- 
verted into the centre of the Wash, 
at Clayhole, which would at the 



same time greatly increase the 
depth, and enable a large area of 
valuable land to be reclaimed for 
agricultural purposes. This sug- 
gestion has since been elaborated 
by Sir John Rennie, whose plan 
of 1837, when fully carried out, 
will have the effect of greatly im- 
proving the outfalls of all the 
rivers entering the great Wash — 
the Ouse, the Nene, the Welland, 
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funds would permit: the lower p^rt of the channel was 
straightened, and the result was precisely that which the 
engineer had more than thirty years before anticipated. 
The tide returned to the town, the shoals were removed, 
and vessels drawing from twelve to fourteen feet water 
could again come up to Boston Quay at spring tides. 

Mr. Bennie was equally successful in carrying out 
drainage works in other parts of the Fens, on the 
same simple but comprehensive principles.* He thus 
drained the low lands of Great Steeping, Thorpe, Wain- 
fleet All Saints, Forsby, and the districts thereabout, con- 
verting the Steepings river into a catchwater drain, and 
eflectually reclaiming a large acreage of highly valuable 
land. He was also consulted as to the better drainage 
of the North Level, the Middle Level, South Holland, and 
the Great Bedford Level; and his valuable reports on 
these subjects, though not carried out at the time, for want 
of means, or of public spirit on the part of the landowners, 
laid the foundations of a course of improvement which has 
gone on until the present day. It is much to be regretted 
that his plan of 1810, for the drainage of the Great 
Level, by means of more effectual outfalls and a system of 



and the Witham — and the drainage 
of the low level lands depending 
apon them, comprising above a 
million of acres, and ultimately 
gaining from the Wash between 
150,000 and 200,000 acres of rich 
aew land, or equal to the area of 
a good-sized county. In the Wash 
of the Nene, callea Sutton Wash, 
4000 acres have already been re- 
claimed after this plan — the land, 
formerly washed hy the sea at 
every tide, being now covered with 
rich corn-fields and comfortable 
farmsteads. It was at this point 
that King John's army was nearly 
destroyed when crossing the sands 
before the advancing tide. 

* Among other important works 



of the same kind executed by Mr. 
Rennie, but which it would be 
tedious to describe in detail, was 
the reclamation (in 1807) of 23,000 
acres of fertile land in the district 
of Holdemess, near HulL He 
was extensively employed to em- 
bank lands exposed to the sea, and 
succeeded (in 1812) in effectually 
protecting the thirty miles of 
coast extending from Wainfleet to 
Boston, and thence to the mouths 
of the rivers Welland and Gku. 
Two years later (in 1814) he, in 
like manner, furnished a plan, 
which was carried out, for pro^ 
tecting the Earl of Lonsdale's 
valuable marsh land on the south 
shore of the Solway FriUL 
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interoopting catchwater drains, was not carried out; for 
there is every reason to believe that it would have proved 
as completely snccessfid as his drainage of the Fens of 
Lincolnshire. The only part of his scheme that was 
executed was the Eau Brink Cut, for the purpose of se- 
curing a more eflTectual outfall of the river Ouse into the 
Wash near King's Lynn. 

The necessity for this work will be more clearly under- 
stood when we explain the circumstances under which its 
construction was recommended. It will be observed from 
the map of the Fen district (vol. i. p. 32), that the river 
Ouse flows into the shallows of the Wash near the town 
of King's Lynn, where it is charged with the waters 
of the Great Bedford Level as well as of Huntingdon, 
Bedford, and Cambridge, and of the high lands of the 
western parts of Norfolk and Suffolk. Lnmediately above 
Lynn, the old river made an extensive bend of about five 
miles in extent, to a point called German's Bridge. This 
channel was of very irregular breadth, and full of great 
sand beds which were constantly shifting. Li some places 
it was as much as a mile in width, and divided into small 
streams," which varied according as the tidal or the fresh 
waters were, for the time being, most powerful. During 
floods, the flow of the river was so much obstructed that 
the waters coidd not possibly get away out to sea during 
the ebb, so that at the next rise of the tide they were 
forced back into the interior, and thus caused serious 
inundations in the surrounding country. 

Much good land which had formerly been productive, 
had become greatly deteriorated, or W£U3 apparently lost 
for agricultural purposes. Some districts were so con- 
stantly flooded, and others were so wet, that they were 
rapidly returning to their original state of reeds and sedge. 
Li the neighbourhood of Downham Eau, the harvest-men 
were, in certain seasons, obliged to stand upon a platform 
to reap their com, which was carried to and from the drier 
parts in boats ; and some of the farmers, in like manner, 
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rowed through their orchards in order to gather the fruit 
from the trees. A large portion of Littleport Fen, in the 
South Level, was let at a shilling an acre, and, in the 
summer-time, cattle were turned in amongst the reed and 
"turf-bass," and were not seen again for weeks. In 
Marshland Fen, the soil was so soft that wooden shoes, or 
flat boards, were nailed on the horses' feet over the iron 
ones, to prevent them from sinking into the soil. 

The fresh waters were in this way penned up within 
the land to the extent of about seven feet; and over an 
extensive plain, such as the Bedford Level, where a few 
inches of fall makes all the difference between land drained 
and land drowned, it is clear how seriously this obstruc- 
tion of the Ouse outfall must have perilled the agricul- 
tural operations of the district. Until, therefore, this 
great impediment to the drainage of the Level could be 
removed, it was clear that no inland works could be <^ 
any permanent advantage. The remedy which Mr. Bennie 
proposed was, to cut off the great bend in the Ouse by 
making a direct new channel from Eau Brink, near the 
mouth of Marshland Drain, to a point in the river a little 
above the town of Lynn, as shown in the plan on the 
opposite page. The cut was to be about three miles in 
length, and of suf&ciently capacious dimensions to contain 
the whole body of the river. By thus shortening the line 
of the stream, Mr. Eennie calculated that the channel would 
be kept clear of silt by the greater velocity of the current, 
and that the fresh waters would at the same time be able 
to force their way out to sea without difficulty. 

An Act was accordingly obtained, enabling the Eau 
Brink to be cut ; but several years passed before any steps 
were taken to carry out the works. They were not actually 
begun until the year 1817, when Mr. Eennie was formally 
appointed the chief engineer. After about four years' 
labour the cut was finished and opened, and its immediate 
effect was to give great relief to the whole of the district 
watered by the Ouse. An extra fall of not less than five 
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feet and a half was obtained at St. German's, by which 
the surface of the waters throughout the whole of the 
Middle and South Levels was reduced in proportion. Thus 
the pressure on all the banks along the rivers of the Level 
was greatly relieved, whilst inundations were prevented, 
and the sluices provided for the evacuation of the inland 
waters were enabled efiectually to discharge themselv^. 
By labours such as these an immense value hae been 



given to otherwise worthless awampe and wastes. The 
skill of the engineer has enabled the Fen farmers to labour 
with ever-increasing profit, and to enjoy the fruits of their 
industry in comparative health aJid comfort. Ho wonder 
that they love the land which has been won by toil so 
protracted and so brave. Unpicturesque though the Fens 
may be to eyes accustomed to tlie undulating and hill 
country of the western districts of England, they never- 
theless possess a humble beauty of their own, especially to 
eyes familiar to them from childhood. The long rows of 
pollanls, with an occasional windmill, stretching along 
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the horizon as in a Dutoh landecape — the wide extended 
flats of dark peaty soil, intersected by dykes and drains, 
with here and there a green tract covered with sleek 
cattle— have an air of vaetness, and even grandeur, -which 
ia Bometimea very striking. To this we may add, that the 
churches of the distriot, built on sites which were formerly 
80 many oases in the watery desert, loom up in the dis- 
tance like landmarks, and are often of remarkable beauty 
of outline. 

it has been said of Mr. Bennie that he was the greatest 
"slayer of dragons" that ever lived, — this title being 
given in the Fens to persons who, by skill and industry, 
have perfected works of drainage, and thereby removed 
the causes of sickness and disease, typifled in ancient times 
as dragons or destroyers." In this sense, certainly, Mr. 
Rennie is entitled, perhaps more than any other man, to 
this remarkable appellation. 

* Thompsou'a ' HiBtoty of Bostoa,' 1856, p. 639. 
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CHAPTEK VI. 

Mr. Rennie's Bridges. 

The bridges erected by our engineer are amongst the 
finest of bis works, and sufficient of tbemselves to stamp 
bim as one of tbe greatest masters of bis profession. We 
bave already given a representation of bis first bridge, 
erected over tbe^ater of Leitb, near Edinburgb, tbe fore- 
runner of a series of similar structures unrivalled for 
solidity and strengtb, contrived witb an elegance some- 
times ornate, but for tbe most part of severe and massive 
simplicity. 

TTnlike some of bis contemporaries, Mr. Rennie did not 
profess a disregard for tbeory ; for be beld tbat true prac- 
tice could only be based on true tbeory. Taken in tbe 
sense of mere speculative guessing, bowever ingenious, be 
would bave notbing to do witb it; but as matter of infer- 
ence and demonstration from fixed principles, be beld by 
tbeory as bis sbeet-ancbor. His teacber. Professor Robison, 
bad not failed to impress upon bim its true uses in tbe 
pursuit of science and art ; and be never found reason to 
regret tbe fidelity witb wbicb be carried out bis instruc- 
tions in practice. 

In tbe year 1793, Mr. Rennie bad tbe advantage of 
mucb close personal intercourse witb bis old friend tbe 
Professor, wbo paid bim a visit at bis bouse in London, 
for tbe express purpose of conferring witb bim upon 
mecbanical subjects. In tbe letter announcing tbe object 
of bis visit, Dr. Robison candidly avowed tbat it was in 
order "tbat be migbt extract as mudb information from 
bim as possible." Tbe Doctor bad undertaken to prepare 

8 2 
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the articles on Mechanics for the third edition of the 
* Encyclopedia Britannica/ and he believed he should, be 
enabled to impart an additional value to his writings by 
throwing upon them the light of Rennie's strong practical 
judgment. He proposed to take a lodging in the imme- 
diate neighbourhood of Rennie*s house, then in Great 
Surrey Road, and to board with him during the day ; but 
Hennie would not listen to this proposal, and insisted on 
being the Professor's entertainer during the period of his 
visit. 

One of the points which he particularly desired to dis- 
cuss with Mr. Rennie was the theory of the equilibrium of 
arches — a subject at that time very imperfectly under- 
stood, but which the young engineer had studied with his 
usual energy and success. He had clearly proved that the 
proper proportion and depth of the key-stone to that of 
the extrados (or exterior curve) should be in proportion to 
the size and form of the arch and the materials of which it 
was composed; and he had also established the ratio in 
which the arch-stones should increase from the key-stone 
to the piers or abutments. 

Up to this time there had been no rules laid down for 
the guidance of the engineer or architect, — who worked 
very much in the dark as to principles ; and it was often a 
matter entirely of chance whether a bridge stood or fell 
when the centres were removed. According to the views 
of Hutton and Attwood, the weight upon the haunches 
and abutments, to put the arch in a state of equilibrium 
so that it should stand, was unlimited ; whereas Mr. 
Rennie established the limit to which the countervailing 
force or weight on the extrados should be confined. Hence 
he adopted the practice of introducing a flat inverted 
arch between the extrados of each two adjoining arches, 
(at the same time increasing the width of the abutment,) 
— the radii of the voussoirs or arch-stones being continued 
completely through them. And in order to diminish ihe 
masonry, the lower or foundation course was inclined also, 
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— thus combining the work more completely together, and 
enabling it better to resist the lateral thrust. 

Dr. Eobison had much discussion with Mr. Eennie on 
these and many other points, and the information he 
obtained was shortly after worked up into numerous ori- 
ginal contributions of great value ; amongst which may 
be mentioned his articles in the * Encyclopedia * on the 
Arch, Carpentry, Koof, Waterworks, Kesistance of Fluids, 
and Kunning of Eivers* — on all of which subjects Mr. 
Eennie had communicated to him much original informa- 
tion. It may readily be imagined that the evenings 
devoted by Dr. Eobison to conversation and discussion oit 
such topics at Eennie's house were of interest and advan- 
tage to both ; and when the Doctor returned to his Edin- 
burgh labours, he carried with him the cordial affection 
and respect of the engineer, who continued to keep up a 
correspondence with him until the close of his life. 

In the early part of his career Mr. Eennie was called 
upon to furnish designs of many bridges, principally in 
Scotland, which, however, were not carried out, in most 
cases because the requisite funds could not be raised to 
build them. Thus, in 1798, he designed one of eight cast- 
iron arches to span the river Don at Aberdeen. Four 
years later he was called upon to furnish further designs, 
when he supplied three several plans, two of granite 
bridges ; but the structures were of too costly a character, 
and the people of Aberdeen did not carry them out. 

The first important bridge which Mr. Eennie was au- 
thorised to execute was that across the Tweed at Kelso, 
and it afforded a very favourable specimen of his skill as 
an architect. It was designed in 1799 and opened in 



* Dr. Eobison was the first con- 
tributor to the * Encyclopedia * 
who was really a man of science, 
and whose articles were above the 
rank of mere compilations. He 



Bought information from all quar- was imparted to his articles. 



ters — searched the works of foreign 
writers, and consulted men of 
practical eminence, such as Renuie, 
to whom he could obtain access — 
and hence an extraordinary value 
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1803. Itconsista of five semi-elliptical arches of 72 feet 
Bpan, each rieing 28 feet, and four piere eacli 12 feet thick, 
with a level roadway 23 feet 6 inches wide between the 
parapets, and 29 feet above the ordinajy surface of the 
river. The foundationfl were securely laid upon the solid 
rock in the bed of the Tweed, by means of coffer-dams, 
and beneath the deepest part of the river. The piers and 
abutments were ornamented with three-quart«r columnar 



pilasters of the Homan Doric order, surmounted by a plain 
block cornice and balustrade of the same character. The 
whole of the maaonry was plain rustic coursed work, and 
in style and execution it was regarded as one of the most 
handsome and effective structures of its kind. 

The Kelso Bridge may almost be said to have formed 
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the commencement of a new era of bridge-building in this 
country. The semi-elliptical arches, the columnar piLasterg 
on the piers, the balustrade, and the level roadway, are 
the same ae in Waterloo Bridge, except as regards size and 
character; so that Eelso Bridge may be regarded as the 
model of the greater work. We believe it was one of 
the first bridges in this. country constructed with a level 
roadway. 



Mmsejlmrgh Bridge. [By B. M. Wimiwri!, atl« ■ Drsitlng by J. S, SmllMj 

Some of the old-feahioned bridges were excessively steep, 
and to get across them was like climbing over the roof of 
H honse. There was a heavy pull on one side and a cor- 
responding descent on the other. The old bridge across 
the Esk at Musselburgh, forming part of the high road 
between Edinburgh and London, was of this precipitous 
character. It was superseded by a handsome and sub- 
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stantial bridge, with an almoBt level roadway, after a 
design by Rennie. When the engineer was taking the 
work off the hands of the oontractor, one of the magis- 
trates of the town, who was present, asked a countryman 
who was passing at the time with his cart how he liked 
the new brig? "Brig!" said the man, "it's nae brig 
ava ! ye neither ken whan ye're on*t, nor whan ye're 
off't ! " 

Mr. Eennie's boldness in design grew with experience, 
and when consulted as to a bridge near Paxton, over the 
AVhitadder (a rapid stream in Berwickshire), he proposed, 
in lieu of the old stnicture, which had been carried away 
by a flood, a new one of a single arch of 150 feet span ; but 
unhappily the road trustees could not find the requisite 
means for carrying it into effect. 

Another aboi*tive but grand design was proposed by him 
in 1801. He had been requested by the Secretary of State 
for Ireland to examine the road through North Wales to 
Holyhead, with the object of improving the communica- 
tion with Ireland, which was then in a wretched state. 
The connection of the opposite shores of the Menai Strait 
by means of a bridge was considered an indispensable part 
of any improvement of that route i and Mr. Rennie pro- 
posed to accomplish this object by a single great arch of 
cast iron 450 feet in span, — the height of its so£&t or crown 
to be 150 feet above high water at spring tides.* A similar 



* The great arch of 450 feet was 
to be supported on two stone 
piers, each 75 feet thick, the 
springing to be 100 feet above 
high water There were to be 
arches of stone on the Caernarvon 
side to the distance of about 156 
yards, and on the Anglesea side 
to the distance of about 284 yards ; 
making the total length of the 
bridge, exclusive of the wing 
walls, about 640 yards. The esti- 
mated cost of the whole work and 



approaches was 268,5002. The 
point at which the bridge was 
I'ecommended to be thrown across 
was, either opposite Inys-y-Moch 
island, on which one of the main 
piers would rest, or at the SwUly 
rocks, about 800 yards to the 
eastward; but, on the whole, he 
preferred the latler site. He also 
sent in a subsequent design, 
showing an iron arch on each side 
of the main one of 350 feet span, 
in lieu of masonry, with other 
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bridge of 350 feet span, having its crown 100 feet al)ove the 
same level, was also proposed by him for the crossing of 
Conway Perry. 

These bridges were to be manufactured after a plan 
invei^ted by Mr. Kennie in 1791, and communicated by 
him to Dr. Button in 1794 ; and he was strongly satisfied 
of its superiority to all others that had been proposed. 
The designs were alike bold and skilful, and it is to be 
regretted that they were not carried out ; for their solidity 
would not only have proved sufficient for the purposes of a 
roadway, but probably also of a locomotive railway. In 
that case, however, we should have been deprived of the 
after-display of engineering ability in bridging the straits 
at Menai and the ferry at Conway. Eennie*s plans were, 
however, thought far too daring, and the expense of 
executing them far too great. The whole subject was 
therefore allowed to sleep for many years, until eventually 
Telford spanned both these straits with suspension road 
bridges, and Robert Stephenson afterwards with tubular 
l:ailway bridges, at a total cost of about a million sterling. 

The first bridge constructed by Mr. Eennie in England, 
and the earliest of his oast-iron bridges, was that erected 
by him over the Witham, in the town of Boston, Lincoln- 
shire, in 1803. It consists of a single arch of iron ribs, 
forming the segment of a circle, the chord of which is 
80 feet. It is simple yet elegant in design ; its flatness 
and width contributing to render it most convenient for 
the purpose for which it was intended — that of accommo- 



modifications, by which the di- 
mensions of the main piers were 
reduced, and the estimate some- 
what lessened. Other plans were 
prepared and submitted, embody- 
ing somewhat similar views, the 
Erominent idea in all of them 
eing the spanning of the strait 
by a great cast-iron arch, the 



crown of which was to be 150 
feet above the sea at high water. 
The plans and evidence on the 
subject are to be found set forth 
in the ^ Keports from Committees 
of the House of Commons on 
Holyhead Koads' (1810-22), or- 
dered to be printed 25th July, 
1822. 
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dating the street-traffic of one of the most prospeioiui and 
busy towuB in the Fens. 



Boalon BrldEC [By FerdTil Skelton.] 

Mr, Bonnie's reputation as an engineer having beconxe 
well eetabliehed by workB of this class, he 'was, during the 
remainder of his professional career, exteneively consults 
on this branch of construction ; • and many solid memo- 



• Among his minor works may Spalding (1810); the granite 
be mentioned the bridge over the ■ bridge of three arches at New 
stream which isaueB out of Vir- ' Galloway, on the line of the 
ginia Water and crosses the Great ■ Dumfries and Portpatriok Road 
Weatern Boad (erected in 1805); ' (ISU): a. bridge of five arches 
Darlastnn Bridge across tbe Trent, aoroas the Cree at Newton Stevort 
in BUffordshtre (1805); the tim- (1812); the cast-iron bridge o 



a bridge ovei tbe es- tbe Goomtee at Lucknow, eiiected 
luarr or tne Welland at Fossdjke after bis designs in 1811, and 
Wash, aboat nine milM below Sceqoently referred to in the mili- 
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rials of his skill in bridge- work are to be found in different 
parts of the kingdom. But the finest of the buildings of 
this character which were erected by him are unquestion- 
ably those which adorn the metropolis itself. 

The project of erecting a new bridge to connect the 
Strand, near Somerset House, with the Surrey side of the 
Thames at Lambeth, was started by a Bridge Company 
in 1809 — a year distinguished for the prevalence of one 
of those joint-stock fevers which periodically seize the 
moneyed classes of this country. The first plan considered 
was the production of Mr. George Dodds, a well-known 
engineer of the time. The managing committee were not 
satisfied with the design, and referred it to Mr. Eennie and 
Mr. Jessop for their opinion. It was found to be for the 
most part a copy of M. Peyronnet's celebrated bridge of 



tary operations for the relief of 
that city a few years ago ; Well- 
ington Bridge, over the Aire, at 
Leeds (1817); Isleworth Bridge 
(1819) ; a bridge of three elliptical 
arches of 75 feet span each, at 
Bridge of Earn, Perthshire (1819) ; 
Cramond Bridge, of eight semi- 
circular arches of 50 feet span, 
with the roadway 42 feet above 
the river (1819) ; and Ken Bridge, 
New Galloway, of five stone 
arches, the centre 90 feet span 
(1820). An adventure of some 
peril attended Mr. Ronnie's erec- 
tion of the bridge at Newton 
Stewart. He happened to visit 
the works on one occasion during 
a heavy flood, which swept down 
the valley with great fury; and 
the passage of the ferry was thus 
completely interrupted. Mr. 
Bennie and his son (the present 
Sir John) were consequently 
unable to cross over to Newton 
Stewart. About 11 p.m. the vio- 
lence of the storm had somewhat 
abated, and the moon came out, 



though obscured by the clouds 
which drifted across her face. 
Mr. Bennie went out at that late 
hour to look at the bridge works, 
and even to try whether he might 
not reach the other side by cross- 
ing the timber platform by means 
of which the works were being, 
carried on. There was a gang- 
way of only two planks from pier 
to pier on the eastern side, and 
this he safely crossed. The 
torrent was still raging furiously 
beneath, shaking the frail timbers 
of the scaffolding. As Mr. Bennie 
was about to place his foot on the 

glank which led to the third pier, 
is son observed the framework 
tremble, and pulled his father 
back, just in time to see the whole 
swept into the stream with a tre- 
mendous crash. Fortunately the 
planking still stood across which 
they had passed, and they sue* 
ceeddd in retracing their steps 
in safety. The bridge was 
finished and opened during the 
summer of 1814. 
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Neuilly, with modifications rendered necessary by the dif- 
ference of situation and the greater width of the river U> 
be spanned. It showed a bridge of nine arches of 130 feet 
span ; each being a compound curve, the interior an ellipsis, 
and the face or exterior a segment of a circle, as in the 
bridge at Neuilly.* The reporting engineers pointed out 
various objections to the design, as well as to the plan 
proposed for founding the piers. The result was, that no 



* In their report on this design, 
Mr. Rennie and his colleague ob- 
served: — "We should not have 
thought it necessary to quote the 
production of a foreign country 
for the sake of showing the prac- 
ticability of constructing arches of 
130 feet span, had we not been 
led to it by the exact similarity of 
the designs, and by the principle 
which is therein adopted of the 
compound curve ; because our own 
country aifords examples of greater 
boldness in the construction of 
arches than that of Neuilly. 
There is a bridge over the river 
Taff, in the county of Glamorgan, 
of upwards of 135 feet span, with 
a rise not exceeding 32 feet, and 
what is more remarkable is, that 
the depth of the arch-stones is 
only 30 inches; so that in fact 
that bridge far exceeds in boldness 
of design that of Neuilly." [See 
the Memoir of William Edwards 
at p. 73.] After some observations 
an to the importance and necessity 
of making a bridge in such a 
situation at the bend of the river, 
with as large arches as possible, 
to accommodate the navigation 
and present as little obstruction 
as- possible to the rise and fall of 
the water, they proceeded : — " We 
confess we do not wholly approve 
of M. Peyronnet's construction as 
adapted for the intended situation. 



It is complicated in its form, and, 
we think, wanting in effect. The 
equilibrium of the arches has not 
been sufficiently attended to ; for 
when the centres of the bridge 
at Neuilly were struck, the top of 
the arches sank to a degree far 
beyond anything that has come to 
our knowledge, whilst the haun- 
ches retired or rose up, so that the 
bridge as it now stands is very 
different in form from what it was 
originally designed. No such 
change of shape took place in the 
bridge over the Taff (Pont-y- 
Prydd) ; the sinking after the cen- 
tres were struck did not amount 
to one-half of that at Neuilly, 
although the one was designed 
and built under the direction of 
the first engineer of France, with- 
out regard to expense, whilst the 
other was designed and built by a 
country mason with parsimonious 
economy. Our opinion therefore 
is, that the arches of the bridge 
over the Thames should either be 
plain ellipses, without the slanting 
off in the haunches so as to de- 
ceive the eye by an apparent flat- 
ness which does not in reality 
exist, or they should be of a flat 
segment of a circle formed in such 
a manner as to give the requisite 
room for the passage of the current 
and barges under it." 
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further steps were taken to carry out Mr. Dodd's plan; 
but when the Act authorising the construction of the 
bridge had been obtained, the committee again applied to 
Mr. Eennie ; and on this occasion they requested him to 
furnish them with the design for a suitable structure.* 

The first step which he took was to prepare an entirely 
fresh chart of the river and the adjacent shores, after a 
careful and accurate survey made by Mr. Prancis Giles. 
In preparing his plan, he kept in view the architectural 
elegance of the structure as well as its utility ; and while 
he designed it so as to enhance the beauty of the fine river 
front of Somerset House, by contriving that the face of the 
northern abutment should be on a line with its noble ter- 
race, he laid out the roadway so that it should be as nearly 
upon a level with the great thoroughfare of the Strand as 
possible — the rise from that street to the summit on the 
bridge being only 1 in 250, or about two feet in all. Two 
designs were prepared — one of seven equal arches, the other 
of nine ; and the latter being finally approved by the com- 
mittee as -the less costly, it was ordered to be carried into 
effect. 

The structure, as executed, is an elegant and substantial 
bridge of nine arches of 120 feet span, with piers 20 feet 
thick ; the arches being plain semi-ellipses, with their soffits 
or crowns 30 feet above high-water of ordinary spring tides. 
Over the points of each pier are placed two three-quarter 
Doric column pilasters, after the design of the temple of 
Segesta in Sicily. These pilasters are 5 feet Si inches 
diameter at the base, and 4 feet 4 inches at the under side 
of the capital, forming recesses in the roadway 17 feet wide 
and 5 feet deep. The depth of the arch-stones at the crown 
is 4 feet 6 inches, and they increase regularly to 10 feet at 



* In June, 1810, we find him 
accepting the direction of the new 
bridge at 1000?. a-year for himself 
and assistants, or 7^ 7$. a-day and 



expenses ; but on no account were 
any of his people to have to do 
with the payment or receipt of 
moneys. 



270 



RENNIE'S BRIDGES. 



Chap. VI. 



i 



the haunches. Between each pair of arches, at the level of 
19 feet above the springing, there is an inverted arch, the 
stones of which are 4 feet six inches deep at the cro^wn, 

and decrease regularly on each side as they 
unite and abut against the extrados or backs 
of the voussoirs of the main haunches. The 
abutments are 40 feet in thickness at the 
base, and decrease to 30 feet at the spring- 
ing. The cope of the arches and piers is 
surmounted by a Grecian Doric block-oomioe 
and entablature, upon which is placed a balus- 
trade parapet 6 feet high. The total width 
of the bridge from outside to outside of the 
parapets is 45 feet. The footpaths on each 
side are 7 feet wide, and the roadway for 
carriages 28 feet. There were originally four 
sets of landing stairs — two to each abutment ; 
and the arrangement of this part of the work 
has been much admired, on account of its 
convenience, as- well as because of its archi- 
tectural elegance. 

In the construction of this bridge there 
are four features of distinctive importance 
to be noted : — Ist. The employment of coffer- 
dams in founding piers in a great tidal river 
— an altogether new use of that engineering 
expedient, though now become customary. 
2nd. The ingenious method employed for 
constructing, floating, and fixing the centres ; 
since followed by other engineers in works 
of like magnitude. 3rd. The introduction 
and working of granite stone to an extent 
before unknown, and in much larger and 
more substantial pieces of masonry than 
had previously been practised. 4th. The adoption of 
elliptical stone arches of an unusual width, though after- 
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wards greatly surpassed by the same engineer in his New 
London Bridge. 

Mr. Eennie invariably took the greatest pains in securing 
the most solid foundations possible for all his structures, 
and especially of his river works, laying them far below 
the scour of the river, at a depth beyond all probable reach 
of injury from that cause. The practice adopted in founding 
the piers of the early bridges across the Thames was to 
dredge the bottom to a level surface, and biiild the founda- 
tions on the bed of the river, protecting them outside by 
rubble, by starlings, or by sheet-piling. Mr. Dodds had 
proposed to follow the method employed by Labelye at 
Westminster Bridge, of founding the piers by means of 
caissons ; but Mr. Kennie insisted on the total insufficiency 
of this plan, and that the most effectual method was by 
means of coffer-dams. This would, no doubt, be more costly 
in the first instance, but vastly more secure ; and he foresaw 
that the inevitable removal of the piers of Old London 
Bridge, by increasing the current of the river, would 
severely test the foundations of all the bridges higher up 
the stream — which proved to be the case. Having already 
extensively employed coffer-dams in getting in the founda- 
tions of the London and East India Dock walls, he had no 
doubt as to their success in this case ; and they were adopted 
accordingly.* 

* The coffer-dams in which the ground, well caulked, so as to be 
foundations of the abutments were water-tight, and all connected 



built, were formed by driving two 
rows of piles 13 by 6^ Inches each, 
with a counter or abutting pile at 
every 12 feet 12 by 12, driven in 



firmly together by strong wrought 
iron bars and bolts, besides shores 
and intermediate braces The 
spaces between the two rows of 



the form of an ellipsis, and i piles were then rammed close with 



strongly cemented together, at 
low-water and high-water levels, 
by double horizontal waliugs or 
bracks, having a space of about 8 
inches clear between them for the 
intermediate or half piles. The 
whole were driven close together 
from 15 to 20 feet deep into the 



well-tempered clay, so that they 
formed as it were, a solid vat or 
tub impermeable to water; and 
within these, when pumped clear 
of water, the excavation was made 
to the proper depth, and in the 
space so dug out the building 
operations proceeded. The coffer- 
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Mr. Kennie also introduced h practice of some novelty 
aud importance in the oentering apon wHcb the arches of 



the bridge were built. He adopted the braced principle. 
The centres spanning the whole width of the arch were . 



dame for the piers nere formed in I proper depth, and the fomidatioiis 
a Bimilor meDiier, with modifies- were cnmrnenced from a level nine 
tioDs according to oirourastfinceH. I feet at least below low-water 
Bvthia meansthe bed of the river, I mark. The fouddationa there 
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composed of eight ribs each, formed in one piece, resting 
upon the same number of solid wedges, supported by 
inclined tressels placed upon longitudinal bearers, firmly 
fixed to the offset of the piers and abutments. At the 
intersecting point of the bearers or braces in each rib there 
was a cast-iron box, with two holes or openings in it, so 
that the butt-ends rested firmly against the metal ; and to 
prevent them from acting like so many wedges to tear the 
rib to pieces when the vertical weight of the arch began to 
act upon them, pieces of hard wood were driven firmly into 
the holes above described, to check the effect of the bearers 
or struts of the ribs; and this arrangement proved com- 
pletely successful. The eight ribs were firmly connected 
together by braces and ties, so as to form one compact 
frame, and the curve or form of the arch was accurately 
adjusted by means of transverse timbers, 12 inches wide 
and 6 inches thick, laid across the whole of the ribs, set 
out to the exact form of the curve by ordinates from the 
main or longitudinal axis of the ellipsis ; and in proportion 
as the voussoirs or arch-stones were carried up from the 
adjoining piers, the weight which hud been laid upon the 
top of the centre to keep it in equilibrium according to 
the form of the arch during construction, was gradually 
removed as it advanced towards completion. When the 
arch was about two-thirds completed, a small portion of it 
was closed with the centre, and the remaining part of each 
side was brought forward regularly by offsets to the crown 
until the whole was finished. Each key-stone was accu- 
rately fitted to its respective place, and the last portion of 
each, for the space of about eighteen inches, was driven 



solid bed of the river. Upon the 
heads of these piles half-timber 
planking was spiked, and on this 
tie solid masonry was built — 
every stone being fitted, mortared, 
<^nd laid with studious accuracy 

TI. 



and precision. The whole work 
was done with such solidity that, 
after the lapse of fifty years, the 
foundations have not yielded by a 
straw's breadth at any point- 
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home by a heavy wooden ram or pile-engine, so as almost 
to raise the crown of the arch from the centre. 

About ten days after the main arches had been completed, 
and the inverts and spandrel walls between them carried 
up to the proper height, the arches were gently slackened, 
to the extent of about two inches, so as to bring each to its 
bearing to a certain extent. This was effected by driving 
back the wedges upon which the ribs of the centres rested, 
by means of heavy wooden rams attached to them, so that 
they could swing backwards and foi*wards "with great 
facility when any external force was applied to them ; and 
this was done by ropes worked by hand-labour. After the 
first striking or slackening, the arches were allowed to 
stand for ten days, when the wedges were driven back six 
inches farther. After ten days more the wedges were 
driven back sufficiently to render the arch altogether clear 
of the centering. By this means the mortar was firmly 
imbedded into all the joints, and the arch came gradually 
to its ultimate bearing without any undue crushing. In 
order to ascertain whether any change of form took place, 
three straight lines were drawn in black chalk on the 
extreme face of the arch previous to commencing the opera- 
tion of striking the centre — one horizontally in the centre 
of the voussoirs forming the crown, and two from the 
haunches of the arch, each intersecting the first line at 
about 25 feet on each side of the keystone ; so that if there 
had been any derangement of the curve or irregular sinking, 
it would at once have been clearly apparent. After the 
centres had been removed, it was found that the sinking of 
the arches varied from 2 J to 3^ inches, which was as nearly 
as possible the allowance made by the engineer in designing 
the work ; the whole plan being worked out with admirable 
precision and accuracy. 

The method of fixing and removing the centres was 
entirely new ; being precisely the same as was afterwards 
followed by Mr. Eobert Stephenson in fixing the wrought- 
iron ribs of the Conway and Britannia bridges — that is, by 
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constructing them complete upon a platform adjacent to 
the river, and floating them between the piers on barges 
expressly contrived for the purpose. They were then 
raised into their proper places by four strong screws, 
8 inches in diameter and 4 feet long, fixed in a strong cast- 
iron box firmly bedded in the solid floor of the barge. The 
apparatus worked so well and smoothly, that the whole 
centre, consisting of eight ribs, each weighing about fifty 
tons, was usually placed within the week. 

The means employed by Mr. Rennie for forming his road 
upon the bridge, were identical with those adopted by Mit 
Macadam at Bristol some six years later. But the arrange- 
ment constituted so small a part of our engineer's contri- 
vances, that, as in many other cases, he made no merit of it. 
When the clay-puddle placed along the intended roadway 
was sufficiently hard, he spread a stratum of fine screened 
gravel or hoggins, which was carefully levelled and pressed 
down upon the clay. This was then covered over with a 
layer of equally broken flints, about the size of an egg ; 
after which the whole was rolled close together, and in a 
short time formed an admirable " macadamized " road. Mr. 
Rennie had practised the same method of making roads 
over his bridges long before 1809; and he continued to 
adopt it in all his subsequent structures. 

The whole of the stone required for the bridge (excepting 
the balustrades, which were brought ready worked from 
Aberdeen) was hewn in some fields adjacent to the erec- 
tion on the Surrey side. It was transported to the work 
upon trucks drawn along railways, in the first instance 
over temporary bridges of wood; and it is a singular 
circumstance that nearly the whole of the material was 
drawn by one horse, called " Old Jack " — a most sensible 
animal, and a great favourite. His driver was, generally 
speaking, a steady and trustworthy pan, though rather too 
fond of his dram before breakfast. As the railway along 
which the stone was drawn, passed in front of the public- 
house door, the horse jind truck were usually pulled up 

T 2 



patient, poked his head into the open door, and taking his 
master's coat-collar between his teeth, though in a gentle 
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sort of manner, pulled him out from the midst of his com- 
panions, and thus forced him to resume the day's work. 

The bridge was opened with great ceremony by His 
Royal Highness the Prince Kegent, attended by the Duke 
of Wellington and many other distinguished personages, 
on the 18th of June 1817. It was originally named the 
Strand Bridge ; but after that date the name was altered 
to that of " V\ aterloo," in honour of the Duke. At the 
opening, the Prince Regent offered to confer the honour of 
knighthood on the engineer, who respectfully declined it. 
Writing to his friend Whidbey, he said, " I had a hard 
business to escape knighthood at the opening." He was 
contented with the simple, unadorned name of John Eennie, 
engineer and architect of the magnificent structure which 
he had so successfully brought to completion. 

Waterloo Bridge is indeed a noble work, and probably 
has not its equal for size, beauty, and solidity. Dupin 
characterised it as a colossal monument, worthy of Sesostris 
or the Caesars. Canova, during his visit to England, was 
particularly struck by the fact, that the trumpery Chinese 
bridge, in St. James's Park, should be the production of 
the Government, whilst Waterloo Bridge was the enter- 
prise of a private company. Like all Eennie's works, it 
was built for posterity. That it should not have settled 
more than a few inches — not ^yo in any part — after the 
centres were struck, is an illustration of solidity and 
strength probably without a parallel. We believe that not 
a crack is visible in the entire work. 

The necessity for further bridges across the Thames 
increased with the growth of population on both sides of 
the river. In the year 1813, a Company was formed to 
provide a bridge at some point intermediate between 
Blackfriars and London Bridge, of which Mr. Eennie was 
appointed the engineer. The scheme was at first strongly, 
opposed by the Corporation, on the ground of the narrow- 
ness of the river at the point at which it was proposed to 
erect the new structure; but the Dublic demands being 
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urgent, the necessary Act was at length allowed to pass, 
but the Corporation insisted on the provision of a very 
large waterway, so that the least possible obstruction 
should be oflFered to the navigation. Mr. Kennie prepared 
a design to meet the necessities of the case, and in order to 
secure the largest waterway, he projected his well-known 
Southwark Bridge — extending from Queen Street, Cannon 
Street, to Bridge Street, Southwark. It consists of three 
cast-iron arches, with two stone piers and abutments. The 
arches are flat segments of circles, the centre one being not 
less than 240 feet span (or 4 feet larger than Sunderland 
Bridge, the largest cast-iron arch that had until then been 
erected), rising 24 feet, and springing 6 feet above high 
water of spring tides. The two side arches are of 210 feet 
span, each rising 18 feet 10 inches, and springing froni the 
same level. The two piers were 24 feet wide each at the 
springing, and 30 feet at the base. 

The works commenced with the coffer-dam of the soutli 
pier on the Southwark side, and the first stone was laid by 
Admiral Lord Keith about the beginning of 1815. All the 
centering for the three arches was fixed by the autumn of 

1817, and the main ribs were set by the end of April 

1818. The centres were struck by the end of the month 
of June following, and completely removed by the middle 
of October ; and the bridge was opened for traffic in March 
1819. 

In the course of this work great precautions were used in 
securing the foundations of the piers. The river was here 
at its narrowest and deepest point, the bed being 14 feet 
below low water of ordinary spring tides. The coffer- 
dams were, therefore, necessarily of great depth and strength 
to resist the pressure of the strong body of water, as well 
as the concussion of the barges passing up and down the 
river, which frequently drove against them. Hence the 
dams were constructed in the form most capable of resisting 
external pressure, and yet suitable to- the dimensions of the 
foundations. The masonry and iron work of the bridge 



southwark bridge. 



were erected with great care and completeness. The blocks 
of atone in the piers were accuratoly fitted to their places 
by moulds, and driven down by a heavy wooden ram. 



Stmtliwirk TMAgX- [Bj PereHiI Stelton, ifter Mi oriBinil Tlrawlng.] 

The least posrible quantity of finely-tempered mortar was 
used, 80 tWt every part should have a perfectly true per- 
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manent bearing. Great care was also taken in the selection 
of the blocks. The exterior of the piers was constructed of 
hard silicious stone brought from Craigleith Quarry, near 
Edinburgh, and Dundee ; the interior, from the bottom of 
the foundations to the springing of the arches, of hard 
Yorkshire grit ; while that part of the piers and abutments 
from which the arches spring consisted of the hardest and 
closest blocks of Cornish and Aberdeen granite : in GnOy it 
may be affirmed that a more solid piece of masonry does 
not exist than Southwark Bridge. 

The iron work consists of eight arched ribs, the main 
strength of the arches being embodied in their lower 
parts, which are solid. The lower or main arch is divided 
into thirteen pieces, with a rib 5^ inches thick at tbe top 
and bottom, and 2 J inches in the centre. The joints 
radiate outwards from the lower edge, and form so many 
cast-iron instead of stone voussoirs, from 6 to 8 feet deep 
and 13 feet long. At the junction of each of these main 
rib pieces there are transverse plates of the same depth, 
having flanges cast upon them on both sides in a wedg^e 
form, so that the ends of the main rib piers fit into them 
on one side, whilst on the other there is a cast-iron wedge, 
driven in between the rib and flange piece, and enabling 
the whole to be accurately adjusted and connected together. 
In addition to this, each rib piece had a flange, cast at 
each end with a certain number of holes three-quarters of 
an inch in diameter, into which wrought-iron screw bolts 
were introduced to connect the whole firmly together in 
the direction of the arch. These rib pieces were also of 
great importance during construction, the chief dependence 
being placed upon their lateral thrust in holding the 
arches together. 

At each pier and abutment there was a similar cast-iron 
bed or abutting plate, let accurately 1^ inch into the 
stone ; but between the end of each main rib which sprang 
from this plate there was a groove cut out of the solid 
stone behind the springing plates and main iron ribs of 
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the arches, 18 inches wide, 3 inches thick at the top, and 
2 inches at bottom. The groove was accurately dressed and 
polished. Three cast-iron wedges, 9 feet long, 6 inches 
-wide, and 3J inches thick at top and 2 inches at bottom, 
were then made and most accurately chipped and filed, 
so as to fit exactly the groove above mentioned to within 
12 inches of its bottom. When the whole of these wedges 
at both ends of the arch had been put into their places, 
they were carefully driven home to the bottom of the 
grooves at the same time by heavy wooden rams, by which 
means the ribs of the arches were relieved from the 
centres and took their own bearing. In other words, the 
arches were keyed from the abutments only, instead of 
from the centre, as is usual in bridges of stone. 

This was an extremely delicate and nice process, as it 
required that the variations of the thermometer should be 
carefully observed, in order that each operation should be 
carried on at as nearly as possible the same degree of 
temperature, otherwise the form of the arch would have 
been distorted, the vertical and lateral pressure of the 
different parts would have been affected, and an undue 
strain thrown upon the abutments as well as the different 
parts of the arch. But so nicely was the whole operation 
ananged and adjusted, that nothing of the kind occurred : 
the parts remained in perfect equilibrium ; not a bolt was 
broken, and not the smallest derangement was found in 
the structure after the process had been completed. 

The spandrel pieces attached to the top of the main ribs 
were cast in the form of open diamonds or lozenges, con- 
nected together in the transverse direction by two tiers of 
solid crosses laid nearly horizontally^all closely wedged 
and firmly bolted together. In addition to the transverse 
connecting plates cast in open squares, there were also 
diagonal braces of cast iron, commencing at the extremity 
of the outer rib of each arch and intersecting each other 
BO as to form a diamond-shaped space in the centra 
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These were also secured at their ends by wedges and bolts, 
like the main rib pieces. 

After the main ribs of the arches were relieved from 
the centres, and had taken their bearing, before the centres 
were removed from beneath them, experiments were marde 
how far they might be aflFected by expansion and contrac- 
tion, in proportion to the diflFerent degrees of temperature 
to which the bridge might be exposed; and for this 
purpose diflferent gauges were made of brass, iron, and 
wood. These gauges were firmly attached to the middle 
or crown of the wooden centres, and divided into sixteenths 
of an inch, and at each a Fahrenheit thermometer "was 
placed ; so that the , ends of the arch being fixed, the 
variation in the temperature would be indicated by the 
rise and fall in the centre. The observations were made 
daily — in the morning, at midday, and at sunset — for 
several months during summer and winter, when it was 
ascertained that the arches rose and fell about one-tenth of 
an inch for every 10 degrees of temperature, more or less. 

The whole iron work is covered with solid plates, 
having flanges cast on their upper side. These plates 
are laid in the transverse direction and on the top of the 
spandrel walls, so that they form a solid and compact 
cast-iron floor to support the roadway. The cornice, 
which is cast hollow, is of the plain Roman-Doric order, 
and is secured to the roadway-plates by strong stays and 
bolts at proper intervals. The parapet consists of a plinth, 
also cast hollow, with a groove at the top to receive the 
railing, which is cast in the form of open diamonds corre- 
sponding with the spandrels. The roadway is 42 feet wide 
from outside to outside, and formed in the same manner 
as that over Waterloo Bridge, which has been already 
described. 

The total quantity of cast iron in the bridge is 3620 
tons, and of wrought iron 112 tons. It has been said that 
an unnecessarily large quantity of material has been 
employed ; and no doubt a lighter structure would have 
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stood. Bu* looting at the iraperfectio»B of workmanship 
and poeeible flaws in the oaatinga, Mr. Eennie was probably 
jiietified in making the strengths such as he did, in order 
to eBsure the- greatest possible solidity and durability — 
qualities which eminently characterize hia works, and 
perhaps most of all, his majestic metropolitan bridges. 
Although the Southwark Bridge was built before the 
Railway era, which has given such an impetus ,to the con- 
struction of iron bridges, it still stands pre-eminent in its 
class, and is a model of what a bridge should be. Its 
design was aa bold as its execution was masterly. Mr. 
Bobert Stephenson has well said of it that, " as an example 
of arch construction, it stands confessedly unriTalled as 
regards its colossal proportions, its architectural effect, 
and the general simplicity and massive character of its 
details."* 

* Artiole on Iron Bridge* ir 



n Bridge, [lly H. f. Leittb.] 
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CHAPTEE VII. 

The Bell Eock Lighthousb. 

About eleven miles east of the mainland of Scotland, near 
the entrances to the Friths of Forth and Tay, lies an 
extensive ledge of rocks, which for a long time was the 
terror of the seamen navigating that coast. It is nearly 
two miles in length, being the crest of a mountain rising 
from the sea bottom, only a small part of which is visible 
at high water. 

This sunken reef was a source of such peril, that, as 
early as the fourteenth century, the Abbot of Arbroath 
caused a bell to be placed upon the principal rock, the 
swinging of which by the motion of the waves warned 
seamen of its dangers ; and from this circumstance it came 
to be called the Bell Eock. It is affirmed that a notorious 
pirate, in order to plague the Abbot, cut the bell from the 
rock, but was himself afterwards wrecked on the very spot ; 
and on this tradition Southey founded his beautiful ballad 
of * Ealph the Eovqr.'* 

Nothing was done to replace the bell, or to set a beacon 
upon the reef; and it remained in its dangerous state — 



* The foUowinor is the tradition 



rang continually, bting moved by 
as given by an old writer: — " By the sea, giving notice to the say- 



the east of the Isle of May, twelve 
miles from all land in the German 
Sea, lyes a great hidden rock 
called Inchcape, very dangerous 



lors of the danger. This bell or 
clocke was put there by the Abbot 
of Aberbrothock, and, being taken 
down by a sea-pirate, a yeare there- 



to the navigators, because it is j after he perished upon the same 



overflowed every tide. It is re- 
ported that, in old times, there 
was upon the said rock a bell, 
fixed upon a tree or timber, which 



rock, with ship and goodes, by the 
righteous judgment of Cxod." 
(Stoddart's 'Remarks on Scot- 
land.*) 
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the Eddystone of the northern seas — until the beginning 
of the present century, when the increasing commerce of 
Scotland, and the large number of vessels wrecked there, 
had the effect of directing public attention to the subject. 
As in the case of the Eddystone reef, the sailors* fear of it 
was such, that in order to avoid its dangers, they hugged 
the land so close as very frequently to run ashore. 

Captain Basil Hall relates that when a boy, he was 
constantly hearing of vessels getting wrecked through 
fear of the terrible Bell Rock, which lay about ten leagues 
due north of the house at Dunglass in which he was bom. 
It is situated on the borders of East Lothian, not far from 
-the bold promontory on which Fast Castle stands, over- 
looking the German Ocean. He states that " ships bound 
for the Forth, in their constant terror of the dangerous 
reef, were not content with giving it ten or even twenty 
miles of elbow-room, but must needs edge off a little more 
to the south, so as to hug the shore, in such a way that, 
when the wind chopped round to the northward, as it 
often did, these over-cautious navigators were apt to get 
embayed in a deep bight to the westward of Fast Castle. 
If the breeze freshened before they could work out, they 
paid dearly for their apprehensions of the Bell Rock, by 
driving upon ledges fully as sharp, and far more extensive 
and inevitable. Thus," he says, " at that time, from 
three to four, and sometimes half-a-dozen, vessels used to 
be wrecked every winter, within a mile or two of our very 
door."* 

A Board of Commissioners had been appointed, under 
the powers of an Act passed in 1786, for the purpose of 
erecting lighthouses at the most dangerous parts of the 
coast of Scotland ; and by the end of the century several 
had been built, — one on the Isle of May at the entrance of 
the Frith of Forth, another on the Cumbraes at the mouth 
of the Frith of Clyde, and others on rocky promontories 



* ' l^'ragments.ot Voyages and Travels,' i. 15-16. Edinburgh, 1831. 
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on the eastern and western coasts, including the Orkneys. 
The lights exhibited were of a rude kind, and consifited 
of coal fires in chauffers. All that was needed being a 
bright light, they probably answered their purpose, though 
in a clumsy way. The most dangerous reef of all, liow^- 
ever, was still left without any protection ; and doubtless 
the delay in providing a light upon the Bell Kock arose 
from the great difficulty and expense of erecting a suitable 
structure on such a site. 

In the winter of 1799, a tempest memorable for its 
violence and fatal effects, ravaged the coasts, and drove 
from their anchors all the ships lying in Yarmouth Hoads. 
The greater number ivere wrecked on the northern coast ; 
and it was believed that many of them might have been 
saved, had a light been fixed on the Bell Kock to point out 
the entrances to the Friths of Forth and Tay. Among 
the other lamentable shipwrecks which took place on the 
Inchcape about the same time, was that of the ' York,' a 
seventy-four-gun .ship, which went down with all her 
crew. The reef was also a constant source of danger to 
the shipping of Dundee, then rising in importance, as it 
lay right in the main track of vessels making for the 
mouth of the Tay from the German Ocean. 

Many were the plans suggested for a lighthouse on the 
Bell Kock. In 1799 Captain Brodie submitted to the 
Commissioners of Northern Lights his design of a cast- 
iron tower to be supported on four pillars ; but it was not 
adopted. In the mean time temporary beacons of timber 
were employed ; but these rarely stobd the storms of a 
single winter ; and three successive structures of this kind 
were completely swept away. Mr. Kobert Stevenson and 
Mr. Downie also proposed plans for the consideration of 
the Board between 1800 and 1804; but neither of them 
was adopted. 

Considerable diversity of opinion continuing to exist, 
the Commissioners determined to employ Mr. Kennie to 
examine the site and report as to the best course to be 
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pursued. He accordingly proceeded to Scotland, and 
visited the Inchcape Eock on the 17th of August, 1806, 
in company with Mr. Hamilton, one of the Commissioners, 
and Mr. Stevenson, their surveyor. 

After mature deliberation, Mr. Rennie sent in his report 
on the 30th of December following. He recommended 
the erection of a substantial lighthouse of stone, similar 
to that on the Eddystone, as being, in his opinion, the 
only structure calculated to meet the necessities of the 
case.* He regarded a wooden building as objectionable, 
because of the perishable nature of the material, and its 
liability to be destroyed by fire. Although it would be 
possible to erect a lighthouse of cast iron, its cost at that 
time would have been equal to one of stone, with which, 
in point of durability, it was not to be compared. " I 
have therefore," he concluded, " no hesitation in giving a 
decided opinion in favour of a stone lighthouse." With 
such examples as the Tour de Cordouan near the entrance 
of the Garonne, and the Eddystone off the coast of 
Cornwall, he held that there could be no doubt as to the 
superiority of this plan to any other that could be proposed. 
Although the Inchcape was not so long uncovered by the 
tide as the Eddystone rock, and there might be greater 
delay in getting in the first four or five courses of the 
foundation, this was only a question of time ; and he had 
no doubt that this difficulty would be overcome, and the 
whole structure completed in the space of about four 
years. 

In his report he further said : " Mr. Stevenson, to whose 
merit I am happy to bear testimony, has been indefatigable 
in obtaining information respecting this rock, and he has 
made a model of a stone lighthouse nearly resembling that 



♦Baron Dupin in his *Com- [ mensionsof the Eddystoen Light- 
mercial Power of Great Britain,* house were adopted with the im- 
says : — " Several engineers sub- provements in lighting, which the 



initted plans ; but, by the advice 
of Mr. Bennie, the model and di- 



recent progress in optics allowed 
him to make.'* (ii. 159.) 
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of the Eddystone, in which he has proposed various 
ingenious methods of constructing the work by 'way of 
facilitating the operations. I own, however, after fully 
considering them, and comparing them with the con- 
struction of Mr. Smeaton — I mean in the process of build- 
ing — and also reflecting that there are undoubted proofs 
of the stability of the Eddystone, that I am inclined to 
give the latter the preference; its general construction, 
in my opinion, rendering it as strong as can well be 
conceived.'* 

Taking, however, into account, that the foundation of the 
proposed building lay so much lower in the sea, Mr. Bennie 
suggested that the column should be somewhat higher, so 
that the eave of the cupola should be about 100 feet above 
the surface of the rock, the Eddystone being only 84 feet 
6 inches, — though this alteration would involve a some- 
what greater diameter of the base. lie further pointed 
out that the pillar should be surrounded by such an extent 
of rock as to diminish the force of the waves breaking at 
its foot. He also proposed that the floor of the lower room 
of the lighthouse should be 50 feet above the level of the 
rock, and from thence to the top of the platform 35 feet ; 
making a total height of 85 feet to the platform or gallery. 
He recommended that argand lights should be employed, 
with parabolic reflectors ; and he suggested for considera- 
tion the employment of carburetted hydrogen gas, then 
coming into extensive use for lighting purposes. The 
cost of the lighthouse, so constructed, he estimated at 
about 42,000Z. 

The Commissioners adopted Mr. Eennie*s report, and 
proceeded to Parliament for the requisite powers, which 
were obtained in the session of 1806 ,* after which (on the 
3rd of December following) they unanimously appointed 
him the chief engineer for conducting the work. At Mr. 
Kennie's recommendation, Mr. Stevenson was appointed the 
assistant-engineer to superintend the operations on the spot, 
and he placed under him two able foremen superintendents, 
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Mr. Peter Logan over the masons, and Mr. Francis Watt 
over the joiners employed upon the lighthouse. Mr. 
Eennie was then requested to report further, with plans 
and specifications of the various works in detail ; which 
he prepared and duly submitted to the Board. 

In this second report of the 26th December following, 
Mr. Eennie entered at great length into the description of 
stone to be used in the building, based upon a personal 
inspection of the quarries at Mylnefield near Dundee, at 
Arbroath, and at Aberdeen ; and on his recommendation it 
was determined to use blocks from the Kubieslaw quarry at 
Aberdeen for the outer, and Dundee stone for the inner 
masonry. He also repeated his advice, that in carrying 
out the work, the plan of construction adopted by Smeaton 
in building the lighthouse on the Eddystone should be 
mainly followed ; one of the few deviations consisting in 
the substitution of dovetailed pieces of stone for chain bars 
in the joints both of the walls and the floors. These 
recommendations having been adopted, Mr. Eennie was 
authorised to proceed with the requisite preparations for 
the building; and, after making all due arrangements, 
and giving his representatives suitable instructions, he 
left the practical operations to be carried out by them 
accordingly.* 

The whole of the year 1807 was occupied in construct- 
ing the necessary vessels, and in erecting the requisite 
machinery and building-shops at the working yard at 
Arbroath, which was fixed upon as the most convenient 
point on the coast for carrying on the land operations. 
Some progress had been made at the rock itself, where a 
smith's forge was fixed and a temporary beacon erected, 
while a floating light, fitted up in an old fishing dogger, 
was anchored near the reef until the lighthouse could be 



♦ A detailed account of the * An Account of the Bell Rock 

operations was afterwards pub- Lighthouse.* By Robert Steven- 

lished by the assistant-engineer, son. Civil Engineer. Edinburgh, 

in his interesting work sntitled 1824. 
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erected. Preparations had also been made for proceeding 
with the foundations, the necessary excavations being 
conducted at considerable peril, in consequence of the 
violence of the waves and the short period during which 
the reef was uncovered during each day. 

The dangerous nature of the employment may be illus- 
trated by the following brief account of an accident which 
happened to the workmen on the 2nd of September, before 
the excavation for the first course had been completed. 
An additional number of masons had that morning come 
off from Arbroath in the tender of forty tons, named ' The 
Smeaton,* and having landed them on the rock, the vessel 
rode at salvagee, with a crosshead made fast to the float- 
ing buoy. The wind rising, the men began to be uneasy 
as to the security of the * Smeaton's * riding-ropes, and a 
party went off in a boat to examine whether she was all 
secure ; but before they could reach the vessel's side they 
found she had already gone adrift, leaving the greater 
part of the men upon the reef, in the face of a rising tide. 

By the time the * Smeaton's* crew had got her mainsail set 
and made a tack towards their companions, she had drifted 
about three miles to leeward, with both wind and tide 
against her, and it was clear that she could not possibly 
make the rock until long after it had been completely 
covered. There were thirty-two men in all upon the Inch- 
cape, provided with but two boats, capable of carrying 
only twenty-four persons in fine weather. Mr. Stevenson 
seems to have behaved with great coolness and presence 
of mind on the occasion, though he confessed that of the 
two feelings of hope and despair, the latter largely pre- 
dominated. Fully persuaded of the peril of the situation, 
he kept his fears to himself, and allowed the men to 
continue engrossed with their occupations of boring and 
excavating. 

After working for about three hours, the water began to 
rise along the lower parts of the foundations, and the men 
were compelled to desist. The forge fire became ex- 
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tinguished ; the smith ceased from hammering at his 
anvil, and the masons from hewing and boring ; and when 
they took up their tools to depart, and looked around, their 
vessel was not to be seen, and the third of their boats 
liad gone after the * Smeaton,* which was drifting away 
in the distance ! N ot a word was uttered ; but the danger of 
their position was instantly comprehended by all. They 
looked towards their master in silence; but the anxiety 
-ivhich had been growing in his mind for some time had 
now become so intense, that he was speechless. When he 
attempted to speak, his mouth was so parched that his 
tongue refused utterance. Turning to one of the pools on 
the rock, he lapped a little water, which gave him relief, 
though it was salt ; but what was his happiness when, on 
raising his head, some one called out " A boat ! a boat ! " 
and sure enough, a large boat was seen through the haze 
making for them. She proved to be the Bell Eock pilot- 
boat, which had come off from Arbroath with letters, and 
her timely arrival doubtless saved the liyes of the greater 
part of the workmen. They were all taken off and landed 
in safety, though completely drenched and exhausted. 

Mr. Eennie, accompanied by his son George, visited the 
rock on the 5th of October, 1807, the day before the works 
were suspended for the winter. They came off from 
Arbroath, and stayed on board the lighthouse yacht all 
night, where Mr. Stevenson states that he " enjoyed much 
of Mr. Eennie*s interesting conversation, both on general 
topics and professionally upon the progress of the Bell 
Eock works, on which he was consulted as chief engineer." 
On the following morning Mr. Eennie landed to inspect 
the progress made in the excavation, being received with a 
display of colours from the beacon and three cheers from 
the workmen. They continued at work for only about 
three hours that day, after which the whole working 
party, accompanied by the chief engineer and his son, the 
resident engineer, and the foreman of the works, returned 
to land for the winter. 

u 2 



\ 



292 THE BELL ROCK LIGHTHOUSE. Chap. VII. 

I'he preparation of the stone blocks for next summer's 
operations then proceeded on shore ; and by the spring 
large numbers were dressed, and ready to be floated off. 
In May, 1808, the excavations on the rock were proceeded 
with, and on the 10th of July the first stone was laid with 
considerable ceremony. Mr. Eennie paid his next visit on 
the 25th of November following, for the purpose of in- 
specting the work done, and reporting progress to the 
Commissioners. From his report it appears that three 
courses of masoniy had by that time been laid in a very 
complete manner. At his suggestion, a modification was 
adopted in the cement used for the building, and also in 
the use of the granite blocks delivered from the Aberdeen 
quarry, some of which had been found defective. 

By the end of 1809, at our engineer's next visit of in- 
spection, the tower had been built to a height of 30 feet, 
and was comparatively secure against the effects of the 
most violent seas. In his report to the Commissioners he 
stated that he found that the form of slope which he 
had adopted for the base of the tower, as well as the curve 
of the building, fully answered his expectations — that 
they presented comparatively small obstruction to the roU 
of the waves, which played round the column with ease — 
and he expressed the opinion that the lighthouse, when 
finished, " would be found to be the most perfect work of 
its kind." In his report he recommended a modification in 
the details of the upper part of the building. In dove- 
tailing the stones together, the method employed at the 
Eddystone had up to this point been followed; but from 
the top of the staircase he proposed that a somewhat 
different plan should be adopted. 

♦* The stone floors in the Eddystone," he said, " were 
formed by an arch in the shape of a dome springing from 
the surrounding walls, to strengthen which chain bars 
were laid in the walls. I propose that these should be 
done with large stones radiating from a circular block in 
the middle, to which their interior ends are to be dove- 
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tailed aa well as the radiated joints, and ihesB Gonuected 
to the BTirrounding walla by means of a circular dowel. 
By this meanfi the lateral pi'essure oa the walla will be 



SkUod of Bell Rock LL^thoiiK, 

Temoved, the whole connected together as one maea, and 
no chain-bara will be wanted except nnder the cornice, 
Thna the whole will be like a solid block of stone ex- 
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ham,* relative to his own and Mr. Stevenson's connection 
with the plans and erection of the lighthouse ; — 

" Mr. Eobert Stevenson was bred a tinsmith and lamp- 
maker, in which line he was employed by a Mr. Thomas 
Smith, a considerable manufacturer in Edinburgh, who 
had the care of the reflectors and lamps belonging to the 
Commissioners of Northern Lights. While in Smith's 
employment Stevenson married his daughter, and Smith, 
advancing in years, employed Stevenson to look after the 
Northern Lights. This he did for several years. When 
Smith declined the situation, Stevenson was elected in his 
place. 

" When the Bell Eock Lighthouse was erected, Stevenson 
was employed to superintend the whole. A regular head 
mason and carpenter were employed under him. The 
original plans were made by me, and the work was visited 
by me from time to time during its progress. When the 
work was completed, Stevenson considered that he had 
acquired sufficient knowledge to start as a civil engineer, 
and in that line he has been most indefatigable in looking 
after employment, by writing and applying wherever he 
thought there was a chance of success. 

" He has assumed the merit of applying coloured glass 
to lighthouses, of which Huddart was the actual inventor, 
and I have no doubt that he will also assume the whole 
merit of planning and erecting the Bell Eock Lighthouse, 
if he has not already done so. I am told that few weeks 
pass without a puff or two in his favour in the Edinburgh 
papers." * * * 

Mr. Stevenson was unquestionably entitled to great 
merit for the able manner in which he performed his 
duties as a superintendent in connection with the building 
of the Lighthouse. Mr. Eennie was always ready to 
acknowledge this. But had any failure occurred in con- 
sequence of a defect in the plans, Mr. Eennie, and not Mr. 



* Letter dated the 12th March, 1814. Boulton MSS. 
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Stevansou, would have been held reeponsible. As, how- 
ever, the Lighthonse proved a Biicoeea, it is but fair that 
the chief engineer should not be deprived of the merit 
which unqueetiouably belonged to him. It is a matter of 



Th« Bsll Box LlghlbooM. [Bj PeidTil Skelton.] 

impossibility that engineers in extensive practice should 
perBonally euperint«nd the various atruoturea designed 
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by them, and which are proceeding at the same time in 
different parts of the country. Hence the appointment, 
at their recommendation, of superintendents or resident 
engineers, whose business it is to see that the details of the 
design are faithfully carried out, and that the work is 
executed in all respects according to the chief engineer's 
designs and instructions. 

To take two instances — Telford's Menai Bridge and 
Stephenson's Britannia Bridge — in the former of which 
cases Mr. Provis was appointed resident engineer, and in 
the latter Mr. Edwin Clarke. Both of these gentlemen 
afterwards published detailed histories of these works ; but 
neither of them ignored the chief engineer, nor did they 
claim the exclusive merit of having been the successful 
erectors of these magnificent structures. 

During Mr. Eennie's lifetime various notices were pub- 
lished, claiming for Mr. Stevenson the sole credit of having 
designed and erected the lighthouse. At this Mr. Rennie 
was naturally annoyed ; and the more so when he learnt 
that Mr. Stevenson was about to " write a book " without 
communicating with him on the subject. "I have no 
wish," he says, in a letter to a friend, "to prevent 
his writing a book. If he details the truth fairly and 
impartially, I am satisfied. I do not wish to arrogate 
to myself any more than is justly my due, and I do not 
want to degrade him. If he writes what is not true, he 
will only expose himself. I bethink me of what Job said, 
* Oh that mine enemy would write a book ! ' " The volume, 
however, was not published until three years after Eennie's 
death ; and it was not until the publication of Sir John's 
work on Breakwaters, that his father's claims as chief and 
responsible engineer of the lighthouse were fairly asserted 
and afterwards fully and clearly established.* 



* The correspondence which 
took place on the subject will be 
found recorded in the ' Civil En- 



gineer ftnd Architect's Journal/ 
vol. xii., 1849. 



( 298 ; 



CHAPTEE Vm. 

Mr. Eennie*s Docks and Harbours. 

The growth of the shipping business, and the increase in 
our home and foreign commerce, led to numerous improve- 
ments in the harbours of Britain about the beginning of the 
present century. The natural facilities of even the most 
favourably situated ports, though to some extent improved 
by art, no longer sufficed for the accommodation of their 
trade. Comparatively little had as yet been done to im- 
prove the port of London itself, the great focus of the 
maritime and commercial industry of Britain.* It is true, 
that its noble river the Thames provided a great amount of 
shipping room between, Millwall and London Bridge ; but 
the rise and fall of the tide twice in every day, and the 
great exposure of the vessels lying in the river to risks of 
collisions, and other drawbacks, were felt to be evils which 
the shipping interest found it necessary to remedy. 

Besides the crowding of the river by ships and lighters 
— the larger vessels having to anchor in the middle of the 



* The increase in the trade of 
London is exhibited by the follow- 
ing abstract of vessels entered at 



the port at different periods since 
the beginning of last century : — 



Ykaba 


BairrsH. 


FOBBIGN. 


Colliers and Coasters. 




Vessels. 


Tonnage. 


Vessels. 


Tonnage. 


Vessels. 


Tonnage. 


1702 
1798 


839 

1498 

vl649 


80.040 
198,023 
397,096 


496 

184 

1771 


76,995 

36,346 

229,991 


No return. 
Do. 
10,133 


No return. 

Do. 
1,250,449 


1860 


6320 1 1,828.911 


4857 


1,152,499 


18.346 


3,152 853 
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stream as low as Blackwall, from which their cargoes 
were lightered to the warehouses higher up the Thames — 
the warehouse accommodation was found very inadequate 
in extent, as well as difficult of access. It took not less 
than a month to deliver an East Indiaman of 800 tons of 
her cargo ; while a coasting ship of 360 tons required eight 
days in summer and fourteen in winter. The quantity of 
plunder also, stolen from ships lying in the river was 
something extraordinary. Mr. Colquhoun, the police ma- 
gistrate, estimated the annual depredations on the foreign 
and coasting trade to amount to not less than half-a- 
million sterling ! 

The lightermen, watermen, labourers, sailors, mates and 
sometimes captains, and often the officers of the revenue, 
were leagued together in a system of pilfering valuables 
from the ships while lying at anchor in the river, or from 
the barges into which the goods had been transferred. Mr. 
Colquhoun stated the number of pilferers and thieves to 
amount to 10,850 ; and the number of receivers to 650. 

The plunderers were divided into various gangs. There 
were the Biver Pirates, a set of desperate and depraved 
characters, who attacked the ships while lying at anchor 
at night. They would weigh the ship's anchor, hoist it 
into their boat, set the ship adrift, and then make clear 
off; or, they would mount the ship's side while the crew 
were asleep, cut away bags of cotton, cordage, spars, oars, 
throw them into their boats, and make away. They were 
usually armed, and defended themselves by force when 
attacked. They carried on their operations by day as well 
as night, and they were usually permitted to escape by the 
other labourers on the river, who were for the most part as 
bad as themselves. 

There were also the Night Plunderers — mostly watermen, 
who worked together in gangs of four or five in number, 
and plundered the lighters and other craft into which 
goods had been stored. They were usually in league with 
the watchmen of the lighters, with whom they shared the 
plunder. But sometimes the watchmen did not allow 
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their own lighters to be plundered, but would point out 
others which were without any guard ; and in this way, 
while appearing honest themselves, they shared in the 
general system of thievery. 

The Light Horsemen were the nightly plunderers of 
West India ships. There was an arrangement between 
them, the mates of the ships, and the criminal receivers, 
by which an incredible quantity of sugar and other articles 
was abstracted from the ships in the river. The mates 
claimed the sweepings, that is, the drainings of sugars 
which remained in the hold after the cargo had been dis- 
charged. The connivance of the revenue officers was 
necessary in order to get these sweepings landed. A pay- 
ment of from 30 to 60 guineias was sufficient to allow the 
Light Horsemen — who consisted of coopers, watermen, 
lumpers, and receivers — to get on board at night for the . 
sweepings. They then opened as many hogsheads of 
sugar and bags of coffee as possible, and plundered the 
ship without control. The ships subject to this species of 
depredation were known as Game Ships, and they frequently 
suffered the loss of as much as from fifteen to twenty 
hogsheads of sugar, with corresponding quantities of 
coffee and rum. 

The Heavy Horsemen, or lumpers — ^who often worked, or 
desired to work, on board of West India ships without 
wages, — generally connived with the mates or revenue 
officers to carry away large quantities of stuff in their dress. 
They had an under-waistcoat, containing pockets all round, 
called a Jemie ; and long bags, pouches, and socks, tied to 
their legs and thighs under their trousers, in which they 
concealed sugar, coffee, pimento, ginger, rum, and other 
articles. When employed upon a game ship, these thieves 
used to divide from three to four guineas every night from 
the produce of their pluiider, independent of the hush- 
money paid to the mates and revenue officers. 

Then there were the Oam^ Watermen, who would wait 
upon West India ships in course of discharge, and take on 
their backs bags of sugar, coffee, and such like, handed to 
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them by the lumpers and others in the delivery of the caxgo. 
The game watermen divided with the lumpers and others 
the money obtained from the receivers of the stolen goods. 

Besides these river thieves and pirates, there were also 
the Game Lightermen, who concealed in the lockers of their 
lighters considerable quantities of valuable goods, for the 
purpose of selling them ; the Mud Larhsj who prowled about 
in the mud at low water, under the quarters of West India 
ships, pretending to pick up old ropes, iron, and such like, 
but really waiting to have bags of sugar, coffee, rum, and 
pimento, lowered down to them from the thieves on board 
the ship ; the Bevenus Officers, who were paid a very small 
sum for their services, and eked it out with plunder ; the 
Scuffle-Hunters, who stole promiscuously from the crowded 
quays and wharves where the goods were discharging ; and 
the Cdpemen, or receivers of stolen property, who were them- 
selves often parties to the robbing of ships in company of 
the light horsemen. 

These criminals not only plundered in gangs, but 
they had the audacity to form a club for the purpose of 
resisting the attacks made upon them, under the powers 
of an Act passed in 1792,* commonly called the Bumboat 
Act; and by this means many of the scoundrels appre- 
hended, escaped the punishment due to their crimes. As a 
proof, amongst others, of the enormous extent of the river 
plunder, the convictions for misdemeanors between August 
1792, and August 1799, exceeded 2200; of which number 
about 2000 culprits paid the penalties — partly from their 
own resources, but chiefly, it is believed, from the funds of 
the club — amounting in all to about 4000Z., in the course 
of seven years.f 

The Thames Police was established, in 1798, for the 
purpose of checking this system of wholesale depredation ; 
but, so long as the goods were conveyed from the ship's 
side in open lighters, and the open quays formed the prin- 

♦ 2 George III., cap 28. I tise on the Police of the Metropo* 

t P. Colquhoun, LL.D., * Trea- | lis.' [6th Ed., 237.] 
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cipal 8hoi*e aooommodation — sugar hogsheads, barrels, tubs, 
baskets, boxes, bales, and other packages, being piled up 
in confusion on every available foot of space — it was clear 
that mere police regulations would be unequal to meet the 
difficulty. It was also found that the confused manner in 
which the imports were brought ashore led to a vast amount 
of smuggling, by which the honest merchant was placed 
at a considerable disadvantage, at the same time that the 
revenue was cheated. The Government, therefore, for the 
sake of its income, and the traders for the security of their 
merchandise, alike desired to provide an effectual remedy 
for these evils. 

Mr. Rennie was consulted on the subject in 1798, and 
requested to^ devise a plan. Before that time, various 
methods had been suggested, such as quays and warehouses, 
with jetties, along the river on both sides ; but all these 
eventually gave place to that of floating docks or basins 
communicating with the river, surrounded with quays and 
warehouses, shut in by a lofty enclosure-wall, so that the 
whole of the contained vessels and their merchandise should 
be placed, as it were, under lock and key. By such a method 
it was believed the goods could be loaded and unloaded 
with the greatest economy and despatch, whilst the Cus- 
toms duties would be levied with facility, at the same time 
that the property of the merchants was effectually protected 
against depredation. 

About the middle of last century a smaU dock had ex- 
isted on the Thames, called the Greenland Dock ; but it 
was of very limited capacity, and was only used by whaling 
vessels. Docks had existed at Liverpool for a considerable 
period ; so that there was no novelty in the idea of pro- 
viding accommodation of a similar kind on the Thames, 
though it is certainly remarkable that, with the extraor- 
dinary trade of the metropolis, the expedient should not 
have been adopted at a much earlier period. 

The first docks constructed on the Thames were the 
West India Docks, and the London Docks. The fonner 
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occupied the isthmus that formerly connected the Isle of 
Dogs with Poplar, and were designed and constmctod 
by Mr, William Jessop.* At the same time that the Went 
India Docks were in course of conetniction, a company was 
formed by the London merchants, in 1800, for the purpose 
of constructing docks, at a point as near the Exchange as 
possible, for the accommodation of general merchandise; 
and of this scheme Mr. Bennie was appointed the engineer. 
Several designs were proposed for consideration, on a scale 
more or leas extensive, and alternative plans were submitted 



' Mr. Jeseop was among the moat 
eminent engineers of his day. Hie 
fatUer was engaged under Smealon 
ID the building of the EddjBtone 
Lighthouse; and, dying in 17t!l, 
he left the guardiaoabip of his 
family to Mr. Smeaton, who 
adopl«d William as his pupil, and 
carefully brought him up to tbe 



tinned vith Smeatou for aixiiit 
tea yoara; and, after leaving him, 
ho via engaged successively on 



the Aire and Colder, tbe Calder 
and Hebble, and tbe Trent Navi- 
gations. He also executed the 
Cromford and the Nottingham 
OanaU: tbe Loughbomugb and 
Leicester, and tbe Homoaetle 
Navigations; but the most eiten- 
sive and important of bis n-orlis 
of this kind was the Grand Junc- 
tion Canal, by which tbe whole of 
the north-weBt«rn inland naviga- 
tion of the kingdom was brought 
into direct connection with the 
uetiopnlis. He was also employed 
OS engineer foe tbe Caledonian 
Canal, lu which he was succeeded 
by Telford, who CArricd out tbe 
work. Mr. Jessop was the engi- 
neer of the West India Docks 
(1800-2), and of the Bristol Docks 
(1803-8), both works of great im- 
portance. He was the brst engi- 
neer employed lo layout and con- 
struct railroads, as a branch of his 

Srofession ; the Croydon and 
[erstham Railroad, worked by 
donkeys and mules, having been 
constructed by him as early as 
1803. He also laid down short 
railways in connection with his 
canals in Derbyshire, Yorkshiro. 
and Nottinghamshire. During 
the later years of his life he was 
much afflicted by paralysis, and 
died in 1811. 



! 
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to the directors. SuggeetionB were also invited, whidi 
were afterwards worked up into more complete designs. 
As the future trade of London was an unknown quantity, 
Mr. Hennie wisely provided for the esteneion of tne dooks, 
as circumstances might afterwards require. 

In carrying out the London Docks it was deemed ad- 
visable, in the first instance, to limit the access to the 



ao of LoiuluD IMcka. 



present Middle Eiver Entrance at Bell Dock, 150 feet long 
and 40 feet wide, with the cill laid five feet below low 
water of spring tides. The entrance lock communicated 
with a capacious entrance basin, called the Wapping Basin, 
covering a space of three acres, and this again with the great 
basin called the Westom Dock, 1260 feet long and 960 feet 
wide, covering a surface of 20 acres. The bottom of the 
dock was laid 20 feet below the level of high water of an 
18 feet tide. The quays next to the river were five feet 
above high water, increasing to nine feet at the Great 
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Dock. From the east side of the latter it was ultimately 
proposed to make two or more docks, communicating with 
each other and with a larger and deeper entrance lower 
down the river at Shadwell ; all of which works have since 
been carried out. 

As the site of the Docks was previously in a great measure 
occupied by houses, considerable time necessarily elapsed 
before these could be purchased and cleared away ; so that 
the works were not commenced until the spring of 1801, 
when two steam-engines were erected, of 50-horse power 
each, for pumping the water, and three minor engines for 
other purposes, such as grinding mortar, working the pile- 
engine, and landing materials from the jetty — an applica- 
tion of steam power as an economist of labour which Mr. 
Kennie was among the first to introduce in the execution 
of such works. The coffer-dams for the main entrance, and 
the excavation of the Docks, were begun in the spring of 
1802;* after which time the works were carried forward 
with great vigour until their completion on the 30th of 
January, 1805, when they were opened with considerable 
ceremony. 

At a subsequent period Mr. Kennie designed the present 
westernmost or Hermitage entrance lock and basin, the 
former of which is 150 feet long and 38 feet wide, with the 
cill laid two feet below low water of spring tides ; the basin 
and main dock covering a surface of one acre and a quarter. 
Another small dock of one acre was afterwards added on 
the north-east side of the Great Basin, exclusively devoted 
to the tobacco trade; and it was ultimately extended to 
the Thames at Shadwell, as contemplated in the original 
design. 

After the docks had been opened for trade, Mr. Rennie 
gave his careful attention to the working details, and he 
was accustomed from time to time to make suggestions 



* For further particulars as to 
these docks see Sir John Bennie's 

II. ' X 



* British and Foreign Harbours 
Art. ** London Docks." 
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with a view to increased despatcli and economy in the 
conduct of the business. Thus, in 1808, he reoonunended 
that the whole of the lifting-cranes in the Docks should bo 
worked by the power of a steam engine, instead of by human 
or horse labour. He estimated that the saving thus effected, 
in the case of only twenty-six cranes, would amount to at 
least 1500Z. a-year, besides ensuring greater regularity and 
despatch of work ; and, if applied to the whole of the cranes 
along the Docks and in the warehouses, a much greater 
annual saving might be anticipated. It was, however, 
regarded as too bold an innovation for the time ; and for 
many years the cranes in the London Docks continued to 
be worked by hand labour, at a great waste of time and 
money, as, well as loss of business. 

Another of Mr. Kennie's valuable suggestions, with a 
view to greater economy, was the adoption of tramways all 
ix)und the quays, provided with trucks, by means of which 
the transfer of goods from one part of the Dock to another 
might be effected with the greatest ease and in the least 
possible time. But this, too, was long disregarded. Labour- 
saving processes were then less valued than they are now. ! 
The application and uses of machines were as yet imper- 
fectly understood, and there were in most quarters powerful 
prejudices to be overcome before they could be introduced. 
The goods in the London Docks are still hauled in trollies, 
waggons, or hand-barrows from ship to ship, or from the 
vessels to the respective bonded warehouses; and it still 
remains matter of surprise that a system so clumsy, so 
wasteful of time, so obstructive to rapid loading and 
.unloading in dock, should be permitted to continue. 

Shortly after these works were set on foot, and when the 
great importance and economy of floating docks began to 
be recognised by commercial men, another project of a 
similar character was started, to provide accommodation 
exclusively for vessels of the East India Company, of ftom 
1000 to 1800 tons burden. A company was formed for the 
purpose, and an Act was obtained in 1803, the site selected 
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"being immediately to the west of the river Lea, near the 
point at which it enters the Thames ; and where at that 
time there were two small floating basins or docks, provided 
with wooden locks, and surrounded with wooden walls, 
called the Brunswick and Perry's Docks. These it was 
determined to purchase and include in the proposed new 
docks, of which, however, they formed but a small part. 

Mr. Rennie and Mr. Ralph Walker were associated as 
engineers in carrying the works into execution, and they 
were finished and opened for business on the 4th of August, 
1806. They consisted of an entrance lock into the Thames 
210 feet long and 47 feet wide, with the cill laid 7 feet 
below low water of spring tides. This lock is connected 
with a triangular entrance basin, covering a space of 
4i acres, on the west side of which it communicates by a 
lock with a dock expressly provided for vessels outward 
bound, called the Export Dock, 760 feeit long and 463 feet 
wide, covering a surface of 8J acres. At the north end of 
the entrance basin is the Import Dock, 1410 feet long and 
463 feet wide, covering a surface of 18§ acres. The depth 
of these basins is 22 feet below high water of ordinary 
spring tides. The total surface of dock room, including 
quays, sheds, and warehouses, is about 65 acres. 

The original capital of the East India Dock Company 
was 660,000Z. ; but Mr. Rennie constructed and completed 
the Docks for a sum considerably within that amount. 
Eventually they were united to the West India Docks, 
under the joint directorate of the East and West India 
Dock Company.* Mr. Rennie also introduced into these 



* Among the improvements 
adopted by Mr. Rennie in these 
docks may be mentioned the em- 
ployment of cast iron, then an al- 
together novel expedient, for the 
roofing of the sheds. One of these, 
erected by him in 1813, was 1300 
feet long and 29 feet 6 inches 
in span, supported on cast-iron 



columns 7J inches in diameter at 
bottom and 5f at top. Another, 
still more capacious, of 54 feet 
clear span between the supports, 
was erected by him over the 
mahogany warehouses in 1817. 
He also introduced an entirely 
new description of iron cranes, 
first employing wheelwork ii;i con- 

X 2 



Chap. VIII. 



HARBOUR WORKS. 



30» 



old ones. In almost every instance he had the greatest 
possible difficulty in inducing the persons locally interested 
to provide harbour space sufficiently extensive as well as 
secure. When asked to give his advice on such questions, 
lie began with making numerous practical inquiries on the 
spot; he surveyed the adjacent coast, took soundings all 
round the proposed harbourage, noted the set of the cur- 
rents, the direction of the prevailing winds, the force and 
action of the land streams, and the operations of the scour 
of the tides upon the shore. 

He also inquired into the trade to be accommodated, the 
probability of its expansion or otherwise, and prepared his 
plans accordingly. Writing to Mr. Foster, of Liverpool, 
in 1810, he said, " It seems to me that your merchants are 
much less liberal in their ideas than is generally supposed. 
The account you give me furnishes another strong proof of 
the necessity of enlarging your scale of docks." Adverting 
to another scheme on which he had been consulted, he 
added, "It is my intention to impress upon the minds of 
the promoters the necessity for a much larger scale of docks 
than is proposed; and though they may blame me now, 
they will thank me afterwards ; as larger accommodation 
will not only afford great and immediate relief to the 
shipping now, but will save the expenditure of much money 
hereafter." * 



*The 
pool was 



Prince's Dock at Liver- 
constructed after Mr. 
Rennie's plans; but the greater 
part of the dock accommodation 
at that port was provided under 
the direction of the late Mr. Jesse 
Hartley. Mr. Hartley was a 
native of the North Hiding of 
Yorkshire, where his father held 
the position of Bridgemaster ; and 
his son, after receiving an ordinary 
education, served his apprentice- 
ship as a stonemason, and worked 
at the building of Borough- 
bridge. Subsequently, he suc- 
ceeded his father as Bridge- 



master, which he continued to re- 
tain, until his removal to Liver- 
pool, when he received the ap- 
pointment of engineer to the Dock 
Committee. During the period 
in which he held the office of dock 
engineer, Mr. Hartley altered or 
entirely constructed every dock 
belonging to the town. He was 
also engineer to the Bolton and 
Manchester Eailway and Canal, 
and consulting engineer for the 
Dee Bridge at Chester, the cen- 
tering for which was considered a 
triumph of engineering skill and 
ability. 
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Afl early as 1793 Mr. Kennie was employed by the Com- 
missioners of Britisli Fisheries to report as to the best 
means of improving the harbour of Wick, — the only haven 
(capable of affording shelter for ships in certain states 
of the wind) which was to be found along an extent of 
120 miles of rock-bound coast. In his masterly report he 
boldly proposed to abandon the old system of jetties, and 
to make an entirely new harbour beyond the bar ; tlius at 
once getting rid of this great and dangerous obstacle to 
improvement, securing at the same time greater depth of 
water, better shelter, and the means of easier access and 
departure for vessels of all burdens. 

In order to accommodate the trade of Wick, he recom- 
mended that a canal should be made from the new harbour, 
having a basin at its termination in the town, where vessels 
would be enabled to float, and to load and unload at all 
times. He also proposed an effective plan of sluicing, with 
the view of scouring the outer harbour when necessary. 
It is much to be regretted that this plan was not carried 
out, and that so important a national work has been post- 
poned almost until our own day ; nor does the plan since 
adopted, though exceedingly costly, seem calculated to 
secure the objects which would have been obtained by 
executing Mr. Rennie's more comprehensive yet much more 
economical design. 

He was consulted about the same time respecting the 
improvement of the harbour of Aberdeen ; but though want 
of means then prevented his recommendations from being 
acted on, his report * produced a salutary effect in pointing 
out the true mode of dealing with a difficult subject, and 
most of his suggestions have since been carried out by 
other engineers. 

Of still greater importance was his report on the im- 
provement of the navigation of the river Clyde, for the 



♦ See Sir John Rennie's * British and Foreign Harbonrs;' Ait 
" Aberdeen." 
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accommodation of the rapidly increasing trade of Glasgow. 
Perhaps in no rivqr have the alterations, executed after 
weU-devised plans, been more extraordinary than in this. 
Less than a century ago, the Clyde at Glasgow was acces- 
sible only to herring-boats, whereas now it floats down 
with every tide vessels of thousands of tons burden, 
capable of wrestling with the storms of the Atlantic. Watt, 
Smeaton, and Golbome had been consulted at different 
times, and various improvements were suggested by them. 
Watt laid out a ship-canal from Glasgow to the sea. 
Smeaton proposed to construct a dam and lock at Marlin 
Ford, so as to allow vessels drawing only four feet of water 
to pass up to the quay at the Broomielaw. 

The clearing out of the channel by artificial means was, 
however, found the most effectual method of opening up 
the navigation of the river, and at length all other plans 
have given way to this. Golbome had run out jetties at 
various points, by which the scour of the tide had been so 
directed that considerably greater depth had been secured. 
Mr. Eennie examined the entire river below Glasgow in 
1799, and the result was his elaborate report of that year. 
He recommended numerous additions to the jetties,, as well 
as many improvements in their direction. He also advised 
that a system of dredging should be commenced, which 
was attended with the best possible results ; and the same 
course having been followed by succeeding engineers, 
the Clyde has now become one of the busiest navigable 
thoroughfares in the world. The plan which Eennie 
shortly after prepared and submitted, of a range of commo- 
dious docks along both banks of the river at the Broomielaw, 
showed his sagacity and foresight in an eminent degree ; 
but unhappily it was considered too bold, and perhaps too 
costly, and it was not then carried out.* 



* Mr. Eennie proposed to form 
two dodks on the Broomielaw side 
of the river — one 1350 feet long 



and 160 feet wide, with two en- 
trances j and another 900 feet long 
and 200 feet wide ; with a third 
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At the opposite end of the island he was consulted (in 
1796) as to the best method of improving the harbour of 
Torquay, and he submitted a series of able plans, only a 
small part of which were caixied into effect. Shortly after 
(in 1797) we find him inspecting the sluicing arrangements 
of the harbour then under construction at Grimsby, when 
he furnished a plan of the great lock which it was found 
necessary to place at the entrance of the canal leading to 
the dock, and which was in his opinion indispeiisable for 
scouring the harbour entrance and keeping it clear of silt. 
This lock was executed according to his plans by the local 
engineer; but it appeared that sufficient precautions had 
not been taken in founding and proportioning the dimen- 
sions of the retaining walls, on which Mr. Eennie had not 
been requested to give an opinion, the work appearing to 
be of so simple and ordinary a character. 

Shortly after the building had been begun, a consider- 
able portion of the lock walls gave way, and Kennie was 
again sent for to inquire and report as to the cause of the 
failure. He found that the defect lay in the nature of 
the ground on which the foundation, was built, which was 
so soft that it would not bear the weight of solid walls of 
the ordinary construction. Always ready with an ex- 
pedient to meet a difficulty, he directed that, without 
diminishing the quantity of material employed, it should 



dock upon the Windmill Croft, on 
the south side of the river, 300 
feet long and 200 feet wide ; the 
whole presenting a total length of 
quayage of 6120 feet, besides a 
river quay wall 1150 feet long. 
This magnificent plan, proposed 
more than half a century since, 
viewed by the experience of this 
day, shows how clearly Eennie 
anticipated the commercial growth 
and manufacturing prosperity of 
Glasgow, for which these projected 
docks would have afforded ample 



accommodation, at an estimated 
capital cost (at the time the plans 
were made) of only 130,000Z. 
What would not Glasgow give 
now to have the benefit of Rennie's 
docks? Indeed it is remarkable 
that, to this day, so little has been 
done to realise his idea, and to pro- 
vide dock accommodation for the 
trade of the Clyde, which if now 
quite as much needed as tb-t same 
kind of accommodation was in the 
Thames at the beginning of the 
present century. 
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be distributed over a greater base, for the purpose of 
securing a larger bearing surface. With this object he 
prepared his plan of the requisite structure, adopting the 
expedient of hollow walls, which he afterwards employed so 
extensively in his pier and harbour works. They not only 
bore upon a larger base, but were found even stronger 
than solid walls containing an equal quantity of mate- 
rial. Those at Grimsby have stood firm until the present 
day. The contrivance was thought so valuable, that 
some years after Mr. Kennie had invented it, Sir Samuel 
Bentham (in 1811) took out a patent for the plan ; but of 
this Mr. Eennie took no notice, having himself, as we have 
seen, been the original inventor of the process. Indeed, 
his attention had long before this time been directed to 
the best form of walls for resisting the pressure of water ; 
and, as early as the year 1793, we find him recommending 
the adoption of curved walls, in place of the inclined 
straight-faced walls with perpendicular back, as formerly 
adopted.* 

Another important harbour on which Mr. Eennie was 
early employed was that of Holyhead, situated at the point 



* The occasion on which this 
plan was first recommended was 
in Mr. Rennie's report (1793) on 
the Hutchison Bridge across the 
Clyde. That bridge, erected by 
another engineer, fell down on the 
removal of the centres, on which 
Mr. Rennie was sent for, post 
haste, by the Lord Provost and 
magistrates of Glasgow, to confer 
with them on the subject ; and his 
advice as to the rebuilding of the 
bridge on another site was subse- 
quently adopted. It appeared, 
from an inspection of the ruined 
piers, that a breast or quay wall 
had been built on the south side 
of the river, and to the west of the 
bridge, which had not beeJi exe- 



cuted according to contract. The 
report stated : — " The above walls 
should be enlarged in their di- 
mensions and altered in their con- 
struction ; they ought to be carried 
at least to the level of the river 
bed, and made five feet thick at 
the base next to the bridge, and 
four feet thick at the top, battering 
one-fifth of their height in a cur- 
vilinear form, the beds of the 
stones being radiated to the centre 
of the curve ,• as the height lessens, 
the dimensions of the walls may 
be diminished in the same pro- 
portion, and, if built as above 
described, I have no doubt of the 
works being permanent.' 



If 



314 RENNIE'S DOCKS AND HARBOURS. Chap. VIU. 

of the island of Anglesea nearest to the Irish capital 
Although so conveniently placed for purposes of embarka- 
tion, everything had as yet been left to nature, which had 
only provided plenty of deep water and many bold rocks. 
But Holyhead had neither pier nor jetty, nor any con- 
venience whatever adapting it for harbour uses. Besides, 
the place was almost inaccessible from inland by reason of 
narrow, rugged, and in many places almost precipitous 
roads. The dangerous ferries at Conway and Menai also 
presented serious obstacles to travelling by that route; 
and hence the port of Liverpool, and Park Gate on the 
Dee near Chester, continued to be the principal places of 
embarkation for persons proceeding to Ireland, until the 
beginning of the present century. 

When the Act of Union was passed, the Government 
determined to bring the two countries into closer com- 
munication with each other ; first by means of convenient 
roads through North Wales, and next by capacious har- 
bours at Holyhead on the one coast and at Kingstown on 
the other. In the year 1802, Mr. Eennie was requested to 
report upon the subject, and he proceeded to Wales for the 
purpose of examining the Conway and Menai ferries, and 
the capabilities of Holyhead as a port. It was on that 
occasion that he recommended the construction of the per- 
manent fixed bridges across both Straits after the plans 
already referred to. Nothing was, however, done towards 
carrying out his suggestions, and the whole question slept 
until the year 1809, when he was requested by Govern- 
ment to prepare plans of a harbour at Holyhead, as the 
first step towards the desired improvement ; and his design 
having been approved, the works were begun in the fol- 
lowing year. 

The form of the harbour of Holyhead has been deter- 
mined, in a great measure, by the cliffs which overhang 
the sea, and on the verge of which stand the ancient 
church and cemetery of the town. The works designed 
by Mr. Rennie consisted of a pier 1150 feet long, ex- 
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tending m a direction nearly due east from the inner aids 
of Salt Island, which is separated by li narrow channel 
from the main island of Holyhead. Tho pier terminated 
at a depth of about 14 feet at low water of spring tides. 
At 80 feet distant from the extremity of the main pier 
there was a jetty 60 feet long, carried out at right angles 
to its inner faoe, to check any swell which might come 




round the pier-hesid fi'om entering the harbour, and to 
throw it upon thfe opposite shore. The roadway was 
60 feet wide, and 8 feet above the level of high water of 
spring tides, tho parapet being ^ feet higher. The outer 
or sea side of the pier was formed by a flat paved slope 
of rough stone, laid at an inclination of 6 to 1. The 
quay-wall was curved on the face one-fifth of the height ; 
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the thiokuesB of tlie masoury being 10 feet upon the 

average, strengthened at the Isick by strong counterfoota, 
at the regular distance of 15 feet apart. The foundation 
of this wall was laid below low water by means of long 
stones, inclined to each other, in the same manner as at 



Holyhead H.nnrar. [By H. p.Leiuh.l 

Howth Harbonr, where the plan had been found to answer 
remarkably well. The centre of the pier was composed 
of loose rubble, taken from the adjacent shore, packed 
solidly ; the outsido being paved with large angular blocks 
varying from one to ten tons in weight, well wedged 
together. The inside of the parapet was built of solid 
masonry. The pier-head and jetty were founded belcw 
low water by means of the diving-bell. The works were 
begun in 1810 and finished in 1824, and during their pro- 
gress a small pier was run oat from the Fibeo rock on the 
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opposite shore, 550 feet long, leaving an opening between 
it and the main pier of 420 feet. This pier was provided 
with a jetty on the inside, similar to that on the main 
pier, composed of the same kind of materials, and finished 
in like manner. Within it was a small dry dock for mer- 
chant vessels. The total low-water space covered by these 
two piers was about six acres ; bnt there was more than 
double that area at high water, besides a large shallow, 
space of about thirty acres for timber. 

In conformity with his usual practice, Mr. Bennie so 
laid out this harbour as to be capable of extension on the 
same principles, according as the trade of the port might 
require. Part of his original design was to devote a large 
space in the inner portion of the bay, which is dry at low 
water, to a wet dock of 23 acres. Had this been carried 
out, it would have proved of immense advantage to the 
numerous land-bound vessels which have occasion to put 
into the port. His original plan also contemplated a pier 
extending from the outer end of Salt Island, parallel to 
the one above described, 1500 feet long, terminating at a 
depth of 25 feet at low water ; and as it would have been 
about 1400 feet distant from the other, and was to be pro- 
vided with a jetty at right angles to its extremity, it 
would have provided an additional low-water harbour of 
40 acres. The estimated cost of this work was 240,000Z. ; 
and if to this be added the probable outlay on the addi- 
tional wet dock above mentioned of 124,000/., it will be 
found that a total low-water space of 46 acres, and an 
ivdditional tidal space of 25 acres, together with a wet 
dock of 23 acres, or a total floating area of about 94 acres, 
with an ample extent of quay accommodation, esufficient 
foi any amount of packet or general commercial business, 
would have been provided at a comparatively moderate 
expenditure. 

Unhappily Mr. Kennie's plans were not carried out; 
and though his original design admirably answered the 
purpose intended, and the whole of the packet service was 
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satisfactorily performed at the old port for many years; 
when an extension of Holyhead Harbour was determined 
upon, the Government (after Mr. Rennie's death.) em- 
ployed an engineer who proceeded upon an entirely new- 
plan, the execution of which, when completed, will pro- 
bably cost upwards of two millions sterling; and, after 
all, when the rocky and bad nature of the holding-ground 
within it, is taken into account,* its security and con- 
venience are still matters of considerable doubt amongst 
naval men. 

During the period in which he was engaged in carrying 
out the works at Holyhead, Mr. Rennie was also con- 
structing harbours at Howth and Kingstown, with the 
same object of facilitating the communication between 
the ports of England and Ireland. Howth Harbour was 
opened for packets in 1819, previous to which time tliey 
had sailed from the Pigeon House, at the mouth of tlie 
Liffey, in Dublin Bay. When the piers at Kingstown 
Harbour were sufficiently advanced to be available for the 
service, the packets were removed to that port, the depth 
of water being greater, and the situation on the whole 
more convenient.f 

Among the other harbour works constructed by Mr. 



* It will be remembered that 
the * Great Eastern* was nearly 
wrecked in consequence of the 
bad holding-groUnd within the 
new harbour in the year 1859. 

t Mr. Rennie*s plan of Kings- 
town Harbour consisted of two 
piers of four arms each carried 
out from tho shore 3700 feet 
distant from each other, their 
heads inclined inwards at an angle 
of 122 degrees, and terminating 
in fe depth of 26 feet at low water 
of spring tides. The width be- 
tween the outer angles of the two 
outer arms of the pier was 1150 
feet, the entrance pointing N.E. 



i E. The total space enclosed 
was 250 acres. The works were 
commenced in 1817, the first 
stone being laid by the Earl of 
Whitworth, the Lord Lieutenant ; 
and the works were still in pro- 
gress at Mr. Bonnie's death in 
1821. The harbour subsequently 
fell under the jurisdiction of the 
Irish Board of Works, and all 
sorts of new plans were adopted 
at variance with the original de- 
sign of Mr. Bennie, in carrying 
out which it is to be fe vred that 
the harbour has been aeriously 
injured. 
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Eennie in England, were the Hull Docks. These were of 
great importance, and urgently required for the accommoda- 
tion of the large trade of that rising port. What is called 
the Humber Dock was begun in 1803 and finished in 
1809.* The principal difficulty encountered in the execu- 
tion of these works was in getting in the foundations of 
the dock walls — the bottom presenting a great depth of 
soft mud. They were set on timber piles and platforms 
well bound together, with truncated arches of stone over 
them. A powerful steam-engine was employed to draw 
the water from the coffer-dam in front of the Humber 
entrance, to enable the foundations of the cill to be got 
in, and the lock gates (which were of stout oak) to be 
fixed. 

It was in the course of executing the Hull Harbour 
works that Mr. Kennie invented the dredging-machine, as 
it is now used, for the purpose of clearing the basins of 
mud and silt. Various unsuccessful attempts had before 
been made to contrive an apparatus with this object. A 
series of rollers, armed with spikes to rake up the deposit, 
followed by buckets and spoons to lift it from the bottom, 
worked by means of a walking wheel between two barges, 
was the most common practice ; but it was clumsy, tedious, 
and inefficient. Other machines for a similar purpose were 
driven by tread-wheels. At length the idea was taken up 
of fixing a series of buckets to an endless chain, worked by 
horse power. Mr. Eennie carefully investigated all that 
had previously been attempted in this direction, and then 
proceeded to plan and construct a complete dredging- 
machine, with improved machinery, to which he yoked 
the power of the steam-engine. He was thereby enabled 



♦ This dock is 900 feet long by 
370 wide. It covers a surface 
of 7^ acres, and is capable of 
holding about seventy sail of 
square-rigged vessels. The en- 
trance lock communicating with 



the tidal harbour opening into the 
Humber is 42 feet wide and 158 
feet long between the gates, with 
the cill laid 6 feet below low 
water of spring tides. 
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to raise aa much as 300 tons of mud and gravel in a day 
from a depth of 22 feet ; and the expedient proved com- 
pletely successful. 

The same kind of machine was extensively used by 
Mr. Bennie in executing his various harbour works. One 
of these, constructed for the excavation of the Perry Dock 
at Blackwall in 1802, was furnished with a powerful 
apparatus for splintering rocks and large stones, which 
could not otherwise be removed ; and it answered the 
purpose most effectually. In the Clyde, the Thames, 
the Mersey, and the Witham, as well as in various foreign 
rivers, the dredging-machine, as contrived by Mr. Rennie, 
has been found invaluable ; and there is scarcely a port or 
harbour in the United Kingdom in which it has not been 
laoet beneficially employed. 

In addition to these docks and harbours, Mr. Rennie 
furnished the plans of the new quays and docks at 
Greenock on the Clyde in 1802; and those at Leith, the 
port of Edinburgh, in 1804. Neither of these schemes 
was carried out to the full extent, ' chiefly for want of 
funds ; but the improvements effected at the foimer port 
were considerable, and at Leith two large d(5cks, 1500 feet 
long, and two small ones, 750 feet long, constructed along 
the shore between the old tidal harbour and the village of 
Newhaven, provided a large amount of additional accom- 
modation for the growing trade of the port. 

Mr. Rennie was also consulted in 1805 respecting the 
improvement of Southampton; and the measures which 
he recommended in his elaborate and able report, formed 
the beginning of a series of works of almost national 
importance. Mr. Rennie's clear-sighted prognostications 
of the future prosperity of the port — arising from its great 
natural advantages in respect of security, capability of 
extension, the excellent anchorage of Southampton Water, 
the central situation of the place on the south coast, and 
its moderate distance from London — have been amply 
fulfilled; its subsequent connection with the capital by 
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railway having given an impulse to its improvement and 
prosperity far beyond what even his sagacious mind could 
at that time have foreseen.* 

In his harbours, as in all his engineering works, Mr. 
Kennie proceeded upon certain definite principles, whiph 
he arrived at after a careful study of the whole subject. 
He was averse to all makeshifts and temporary expedients. 
When he was asked to give his advice as to the heat means 
of rendering a harbour efiScient, he stated his views fully 
and conscientiously, holding nothing in reserve. He set 
forth the whole cost which he believed would be incurred, 
and no less. He abhorred setting traps in the shape of 



* It would occupy much space 
to mention in detail the various 
harbours in the United Kingdom 
which Mr. Bennie was employed 
to examine, report upon, and im- 
prove ; but the following summary 
may suffice : — In England he ex- 
amined and reported on Bye 
Harbour (1801); Dover (1802); 
Hastings projected Harbour (1806), 
Berwick, where he constructed 
the fine pier at the mouth of the 
Tweed, 2740 feet in length (1807) ; 
Margate Harbour (carried out 
1808) ; Liverpool Docks, on which 
he made an elaborate report 
(1809) ; North Sunderland (1809) ; 
ahoreham (1810) ; Newhaven 
(1810) ; Harbour of Befuge in the 
Downs, north of Sandown Castle, 
on which he made a careful report 
(1812) ; Princess Dock, Liverpool, 
of which he famished the designs 
(1812); BridUngton (1812); Sid- 
mouth (1812) ; Bye, a second re- 
port (1813) ; Blyth (1814) ; Bam- 
sey. Isle of Man (1814); Port 
Leven, Mount's Bay, Cornwall 
(1814) ; Bridgewater (1814) ; 
\Vhitehaven (1814); Scarborough 
/1 816); the improvement of the 
navigation ^f the river Tyne 

n. 



(1816); Yarmouth (1818); Fish- 
guard, Wales (1S19); Kidwelly, 
Wales (1820); and Sunderland 
(1821). He also suggested various 
improvements, many of which 
were carried out, in the following 
harbours of Scotland, besides those 
above mentioned : — Loch Buy, 
Isle of Skye (1793) ; Port Maho- 
mack, near Tarbet Ness (1793); 
Kirkcudbright and Saltcoats 
(1799) ; Craigmore, near Borough- 
stoness (1804); Montrose (1805); 
Ayr, where the improvements 
recommended by him were carried 
out (1805); Peterhead (1806); 
Frazerburgh, only partially carried 
out (1806); Charleston (1807); 
Alloa (1808); St. Andrew's 
(1808) ; Portnessock, Galloway 
(1813); Ardrossan (1811 and 
1815); and Portpatrick (1819). In 
like manner he was consulted, and 
reported, as to the following Irish 
harbours: — Westport (1805); Ar- 
dinglass (1809); Dublin (1811): 
Balbriggan (1818); Donaghadee 
(1819); and Belfast (1821). He 
was also constdted respecting dry 
docks at Malta (1815), and a har- 
bour and docks at Bermuda 
(1815). 
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low estimates, to tempt men to begin undertakings, when 
he knew that they would be exceeded. He spoke ont the 
whole truth. ** You want a harbour," he would say, ** of 
such strength as to be safe, with piers able to resist the 
greatest possible force of the sea. Well, here is the plan 
I recommend : it is the best that I can suggest. But I 
tell you the whole cost which I think will be incurred 
in its construction. Adopt the plan or not, as you think 
proper." 

He would never consent to reduce the strength of his 
piers and retaining walls, under the limits which he 
thought essential for their stability. He would not risk 
his reputation and character upon slop-work; he would 
rather lose his chance of employment altogether. Hence 
so many of his large but effective designs for the improve- 
ment of our most important harbours remained unexecuted, 
or have been only carried out to a limited extent, some- 
times by engineers who had not mastered the fundamental 
principles on which his plans were founded, and in such a 
manner as frequently to lead to vast inconvenience and 
almost endless expense. 

In his report on the Earl of Elgin's proposed harbour 
at Charleston, on the north shore of the Frith of Forth, 
in the year 1807, he very clearly laid down the broad 
principles on which he held that such works should be 
designed : " Every harbour," he said, " should be so con- 
structed as to have its mouth as much exposed as possible 
to the direction from whence vessels can most conveniently 
enter in stormy weather, when they are least manageable ; 
but the Heads should be made of such a form as to admit 
of the least sea entering it, or so as to occasion as little 
swell within the haven as possible. This cannot, by any 
practicable construction, be entirely avoided; hut means 
should be provided within the harbour so as to rwduce the 
recoil of the waves to a minimum, — for it is the undertow 
or retiring sea, after the breaking of a wave, that renders 
vessels most unmanageable by causing the helm to lose iti? 
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effect. At such a time the mariner is at a loss what to do, 
or how to manage his vessel; and for the want of due 
attention to these particulars, many of the most consider- 
able artificial harbours in the kingdom are exceedingly 
difficult of access, and some of them are most unsafe even 
when entered." The great point, he held, was not only to 
make a harbour to keep out the sea, but to do so in such a 
manner as to render its entrance from the most exposed or 
dangerous quarter easy in stormy weather, when its shelter 
was most needed; and while it must be so designed as 
to afford a safe shelter for shipping, it must also be safe 
to enter and safe to get out of.* 



♦ From the following brief de- 
scription it will be observed how 
skilfully he carried out these 
views in laying out the intended 
harbour at Charleston. He pro- 
posed to construct two great piers, 
one placed at the western extremity 
of the little inlet, to which a rail- 
way was being laid down — the 
straight part extending outwards 
about 154 yards, from which there 
were to be two kants of about 64 
vards each, the last going 57 'P^'^ 
below low-water mark. From 
thence there was to be a return 
bend about 70 yards long, in a 
direction considerably to the north 
of east. At 50 yards from the ex- 
tremity of this pier, another of the 
same length was proposed to be 
made, forming an angle with it of 
about 120 degrees, with two other 
kants similar to the former, and a 
larger one extending to the 
shore; the entrance being 50 
yards wide, and the outer arm or 
kant of the east pier making an 
angle of 120 degrees with it, so 
that both the outer arms made 
similar kants with each other. A 
large space would thus be enclosed, 
which, he believed, would make a 



very commodious and capacious 
harbour. **By the above con- 
struction," he says in his report, 
*' though it may seem that its ex- 
posure will acUnit of the swells 
from the south and south-west 
getting into the harbour, yet when 
it is considered that the angle at 
which a wave will strike the 
Heads will occasion a rebound in 
a similar angle to that in which 
it is struck, and as this will be 
the case from each Head, it follows 
that these reflected waves, meeting 
each other, will occasion a resist 
ance which will have the effect 
of preventing a considerable part 
of the sea-wave from entering the 
harbour, and what does enter it 
will expend its fury on the flat 
beach within, and soon become 
quiet." This might, he added, be 
in a great measure prevented by 
extending the pier-heads further 
seaward, but which the large addi- 
tional expense precluded him from 
reconmiending ; and, indeed, there 
would always be abundant shelter 
for the shipping under one or 
other of the pier heads. Besides, 
as the Frith was only about two 
miles wide at the place, the proba* 

Y 2 
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That BO many modem harboars, constructed at great 
cost, are found comparatively inaccessible in severe 
weather, is, we believe, to be accounted for mainly by the 
circumstance, that they have been laid out after no definite 
rule or principle whatever. If they succeed, it is the 
result of a happy accident ; and if they fail, it is sup- 
posed that the failure could not have been helped. Even 
within the last twenty years several expensive havens 
have been constructed, which have proved to be> so 
dangerous that they can scarcely be used. But by Mr. 
Eennie's forms of piers, vessels, if they have only steerage- 
way, must enter the harbour in safety. They cannot strike 
on the pier-heads, and, if ordinary care be used, the very 
recoil of the waves forces them forward into port; 
and, as any swell which might enter would have ample 
space to expend itself, the ship could either be brought 
up, or take the beach without damage if necessary. 

Again, a sailing vessel, on leaving the harbour, sup- 
posing the wind to be blowing right in, could lie out upon 
either tack and make an offing, if it were prudent to put 
to sea at all. And although the narrowed distance be- 
tween the two pier-heads might be termed the entrance, 
yet in effect it is not so ; for the moment the vessel gets 
within the outer angles of the two return arms or kants, 
she may be said to be in or out of the harbour, as the 
case may be. In this way the fullest width of entrance 
and the smallest space for the admission of swell are 
ingeniously and effectually secured. 

Whilst occupied on the works of the Eamsgate Harbour, 
of which he was appointed engineer in 1807, Mr. Rennie 
made use of the diving-bell in a manner at once novel 
and ingenious. It will be remembered that Smeaton had 



bility was that there would be no 
such heavy seas as to .render so 
expensive a measure necessary. 
The plan was, However, carried 
out to only a limited extent, and 



we merely quote the report because 
of the valuable principles to be 
observed in the construction of 
harbours, which are here so clcttdy 
enunciated. 
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employed this maohine in the operations connected with 
the building of the harbour ; * but his apparatus being 
"wood, was exceedingly clumsy, and very limited in its 
uses. In that state Mr. Bennie found it, when he was 
employed to carry on the extensive repairs of 1813. The 
east pier-head was gradually giving way and falling into 
the sea at its most advanced and important point. Ko 
time was to be lost in setting about its repair ; but from 
the peculiarly exposed and difficult nature of the situation, 
this was no easy matter. The depth at the pier-head was 
from 10 to 16 feet at low water of spring tides ; besides, 
there was a rise of 15 feet at spring and 10 feet at neap 
tides, with a strong current of from two to three knots an 
hour setting past it both on the flood and at the ebb. The 
work was also frequently exposed to a heavy sea, as well 
as to the risk of vessels striking against it on entering or 
leaving th^ harbour. 

Mr. Kennie's first intention was to surround the pier- 
head by a dam ; but the water was too deep and the situa- 
tion too exposed to admit of this expedient. He then 
bethought him of employing the diving-bell ; but in its 
then state he found it of very little use. No other mode of 
action, however, presenting itself, he turned his attention 
to its improvement as the only means of getting down to 
the work, the necessity for repairing which had become 
more urgent than ever. Without loss of time he proceeded 
to design and construct a bell of cast iron, about 6 feet in 
height, 4^ feet wide, and 6 feet long, having one end 
rather thicker and heavier than the other, that it might 
sink lower, and thus enable the exhausted or breathed air 
more readily to escape. 

At the top of the bell, eight solid bull's-eyes of cast glass 
were fixed, well secured and made water-tight by means of 
leathern and copper collars covered with white lead, and 
firmly secured by copper screw bolts. To the top of the 

* See Life of Smeaton, p. 159. 
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inidde were attached two strong chams for the purpose of 
£Mteiimg to them any materials that might be required for 
the work, and flanges were cast along the sides of the bell, 
en which two seats were placed, with footboards, for the 
use of the men while working. In the centre of the top 
was a circular hole, to which a brassHscrewed lining -was 
firmly fixed, and into this a brass nozzle was screwed, 
having a leathern water-tight hose fastened to it, 2^ inches 
in diameter. The hose was in lengths of about 8 feet, 
with brassHScrewed nozzles at each end, so that it could be 
lengthened or shortened at pleasure, according to the depth 
of water at which the men in the bell were working. 

For the purpose of duly supplying the machine with 
air, a double air-pump was provided, which was worked 
by a sufficient number of men. The air-pump was con- 
nected with the hose referred to, and was either placed on 
the platform above or in a boat which constantly attended 
the bell while under water. Two stout wrought-iron 
rings were fixed on the top of the machine, to which ropes 
or chains were attached for the purpose of lowering or 
raising it. The whole weighed about five tons; and it 
was attached to a circular framework of timber, strength- 
ened by iron, erected over where the intended circular 
pier-head was to be built, and so fixed to a pivot near the 
centre of the work, that it was enabled easily to traverse 
its outer limits. 

On the top of the framework was a truck, made to move 
backwards or forwards by means of a rack on the frame, 
and a corresponding wheel provided with teeth, worked 
by a handle and pinion. On the truck were placed two 
powerful double-purchase crabs or windlasses, one for 
working the diving-bell suspended from it, and the 
other for lowering stone blocks or other materials required 
for carrying on the operations at the bottom of the sea. 
By these ingenious expedients the building apparatus was 
so contrived as to move all round the new work, back- 
wards and forwards, upwards and downwards, so that 
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every part of the wall could be approached and handled 
by the workmen, no matter at what depth ; while the 
engineer stationed on the pier-head above could at any 
time aecertain, without descending, whether the builders 
were proceeding in the right direction, as well as the 
precise place at which they were at work. 



Everything being in readiness for commencing opera- 
tions, the divers entered the bell and were cautiously 
lowered to the place at which the building was to proceed. 
A code of signals was established by which the workmen 
ouuld indicate, by striking the side of the bell a certain 
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number of strokes with a hammer, whether they wished it 
to be moved upward, downward, or horizontally ; and also 
to signal for the descent of materials of any kind. By 
this means they were enabled, with the assistance of the 
workmen above, to raise and lower, and place in their 
proper bed, stones of the heaviest description ; and by re- 
peating the process from day to day, and from week to 
week, the work was accomplished with as much exactness, 
and almost as much expedition, under water, as though it 
had been carried on above ground. 

Thus the entire repairs were completed by the 9th of 
July, 1814 ; and to commemorate the ingenuity and skill 
with which Mr. Eennie had overcome the extraordinary 
difficulties of the undertaking, the trustees of the harbour 
caused a memorial stone to be fixed in the centre of the new 
pier-head, bearing a bronze plate, on which were briefly 
recorded the facts above referred to, and acknowledging 
the obligation of the trustees to their engineer. They 
also presented him at a public entertainment with a hand- 
some piece of plate in commemoration of the successful 
completion of the work. The diving-bell, as thus im- 
proved by Mr. Rennie, has since been extensively employed 
in similar works ; and although detached divers, with 
apparatus attached to them, are made use of in deep-sea 
works, the simplicity, economy, and expeditiousness of the 
plan invented by Mr. Eennie, and afterwards improved by 
himself, continue to recommend it for adoption in all 
undertakings of a similar character. 
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CHAPTER IX. 

Mr. Rennie's War Docks and other Government Works. 

From an early period Mr. Rennie's eminent practical abili- 
ties pointed him out for employment in the public service ; 
and he was consulted by the Ministry of the day more 
particularly as to the machinery used in the Government 
establishments, as to the formation of royal docks, and the 
construction of breakwaters. At the recommendation of 
Mr. Smeaton he was called upon by the Victualling De- 
partment of the Navy to advise them as to the improve- 
ment of their flour-mills at Rotherithe, which were worked 
by the rise and fall of the tide ; and the manner in which 
he performed that service was so satisfactory, that it led 
to his advice being taken on other subjects, some of which 
might at first sight be supposed to lie beyond the range of 
engineering experience. 

Great alarm prevailed in 1803 as to the warlike inten- 
tions of the French, who threatened to invade England. 
The ' Moniteur ' and the * Brussels Gazette ' were openly 
speculating as to the time that it would take for the 
French army to reach London. It therefore behoved 
England to be upon her guard. All the possible lines of 
approach from the coast to the capital were carefully ex- 
amined ; and it appeared to military men that the eastern 
side of London was the most accessible to the advance of 
an enemy landing near the mouth of the Thames, or on 
the Essex coast. Mr. Rennie was employed to examine 
the valley of the Lea, to ascertain whether means could 
be devised for suddenly laying it under water, if necessary, 
to check the approach of a hostile army from that quarter. 
After careful consideration, he laid before the Government 
a plan with that object, which included a series of dams 
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furnished with flluices,— one at the junction of tlie Liea 
with the Thames, another across the valley at Botv-, a 
third at Temple Mills, and others higher up that ri^-er, as 
far as Amwell. These were contrived so that the waters 
should be penned up, and the valley flooded at will. Tlie 
works were, however, only partially carried out. Five 
dams were formed above Bromley, with jetties at diflferent 
points to increase the current ; but happily the defensive 
works were never required, Napoleon's warlike ambition 
having shortly after become diverted in another direction- 
But again, about 1806, when Napoleon's legions -were 
assembled on the heights above Boulogne, and all his 
flat-bottomed boats were in readiness to receive them, 
further steps were taken to defend the south-east coast 
from the expected invasion. Martello towers were erected 
along the coast from Folkestone to Beachy Head ; and among 
the other means adopted was the formation of a military 
canal from Sandgate to Bye, the designing of which Tvas 
entrusted to Mr. Bennie. In a letter to Mr. Boulton of 
Birmingham, dated the 22nd May, 1806, he observes : — 
" You may possibly remember that from the cliffs west of 
Sandgate, to a place called Cliffend, about three miles west 
of Eye, in Sussex, there is an extensive marsh, which lies 
along the sea-coast, composed of Komney Marsh, Guildford 
Marsh, the Mead, Winchelsea, and Pet Levels, all of which 
make about 60,000 acres.* On the interior site of the 
marshes the country rises suddenly to the height of some 
100 to 160 feet. A canal, about thirty miles in extent, is 
now being constructed, and is indeed nearly finished, round 
the marsh, and at the foot of the high land. This canal 
is 60 feet wide and 9 feet deep. It is defended on the land 
side by a strong rampart with bastions which flank it 
from end to end. Within the rampart, there is a wide 
military road on which artillery can be transported with 
great expedition, under cover of the rampart, from one 
bastion to another, as may be required. The bridges 



♦ See Descriptiye View of Romney Marsh, voL L p. 4. 
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across this canal are all temporary, and may be broken 
down on the approach of an enemy." 

Mr. Bennie was also consulted as to the best site for a 
low- water harbour on the south-east coast, for the purpose 
of accommodating frigates to watch the opposite shore. His 
opinion was in favour of Folkestone as the best site for such 
a port, where a ridge of rocks outside its then small tidal 
basin offered unusual facilities for the formation of a haven 
capable of accommodating vessels of considerable burden. 
This work was not, however, carried out, and Folkestone 
Harbour is now devoted to more pacific purposes.* 

When Fulton proposed the scheme of his famous torpedo 
for blowing up ships at sea, by stealthily approaching 
them under water. Earl Stanhope made so much noise 
about it in the House of Lords, that a commission, of 
which Mr. Bennie was a member, was appointed to in- 
vestigate its merits. Little importance was attached to 
Fulton's pretended "invention;" nevertheless it was 
determined to afford him an opportunity of exhibiting the 
powers of his infernal machine, and an old Danish brig, 
riding in Walmer Beads, was placed at his disposal. He 
succeeded, after an unresisted attack of two days — during 
which he had also the assistance of Sir Home Popham — 
in blowing up the wretched carcass, and with it his own 
pretensions as an inventor.f 



* Mr. Bennie seems to have 
been frequently in communication 
with the military authorities of 
the day on warlike matters. Thus, 
in 1809, he was applied to for a 
gang of workmen to proceed to 
Flushing, during the unfortunate 
Walcheren expedition, to assist in 
destroying the piers, floodgates, 
and hetsins of that port; after 
effecting which they returned 
home. 

t Mr. Bennie had a very mean 
opinion of Fulton, regarding him 
as a quack who traded upon the 



inventions of others. He consi- 
dered that little merit belonged 
to him in regard to the invention 
of the steamboat. Thus, Jonathan 
Hulls, Miller of Dalswinton, and 
Symington had been at work upon 
the invention long before Fulton. 
Fulton's alleged invention of cast- 
iron bridges was not more original. 
Writing to Mr. Barrow of the Ad- 
miralty, in 1817, Mr. Bennie 
says : — " I send you Mr. Fulton's 
book on Canals, published in 
1796, when he was in England, 
and previous to his application uf 
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Among other subjects on wMch we find Mr. Bennie 
consulted by the Government authorities, were the im- 
provement of the machinery of the Waltham Powder 
MUlfi, especially as to the more economical application of 
the water power — the fixing of moorings in the tideways 
of the royal harbours — the clearing of the Thames in front 
of Woolwich Dockyard of its immense accumulation of 
mud — the erection of a quarantine establishment in the 
Medway* — the provision of wet docks for the Eoyal Navy 



the steam-engine to the working 
of wheels in boats. On the de- 
signs (as to bridges, &c.) contained 
in that book, his fame, I believe, 
principally rests ; although he ac- 
knowledges that Earl Stanhope 
had previously proposed similar 
plans, and that Mr. Reynolds of 
Coalbrookdale in Shropshire, had 
actually carried them into execu- 
tion ; BO that all the merit he has — 
if merit it may be called — is a 
proposal for extending the prin- 
ciple previously applied in this 
oounti^. The first iron bridge 
was erected at Coalbrookdale in 
1779, and between that and the 
publication of Fulton's book in 
1796 many others were erected; 
so that, in this department, he 
has little to boast of. I consider 
Fulton, with whom I was person- 
ally acquainted, a man. of very 
slender abilities, though possessing 
much self-confidence and consum- 
mate impudence." 

* The quarantine establishment 
of the port of London was then 
situated at Stangate Greek, which 
joins the Medway about two miles 
above' Sheemess. It consisted of 
several old two and three-decker 
hulks, into which goods were 
placed. Passengers while per- 
forming quarantine might well 
fret and fume at their detention, 



having before them a most unin- 
teresting prospect— a wide extent 
of flat marsh-land, with a fringe 
of mud at low water. A small 
vessel of war was stationed at the 
entrance of the creek to prevent 
infringement of the regulations. 
The annoyance caused by this 
establishment was very great, and 
it was more and more complained 
of as our foreign commerce ex- 
tended. On several occasions, 
vessels filled with passengers, 
having accidentally run foul of 
the ships performing quarantine, 
were compelled at once to heave- 
to, and undergo two or three days* 
detention before they could be re- 
leased. To diminish this evil, 
the Government determined to 
erect a permanent quarantine es- 
tablishment about tnree miles up 
Stangate Creek, at a place caH&a. 
Chetney Hill, a small rising 
ground situated in the marshes. 
It was proposed to isolate this 
hill by a canal, provided with a 
lock; and Mr. Bennie was re- 
quested to prepare the requisite 
plans, which he did (in 1806), and 
the works were executed at a 
heavy expense; but we believe 
they were never used, and the old 
hulks continued to be employed 
until the final abandonment of 
the quarantine system. 
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-and the introduction of improved machinery at the 



varioTis dockyards ; on which last subject Mr. Bennie was 
especially competent to give advice. 

A Commission of Civil Oflficers of the Navy was ap- 
pointed, in 1806, to consider the best means of turning 
out work from the dockyards with the greatest despatch 
and economy. Private manufacturing establishments were 
then a long way ahead of the Grovemment yards, where 
methods of working, long abandoned everywhere else, still 
continued in practice ; and to call a mechanic or labourer 
on the Thames " a regular dockyarder " was to apply to 
him the lowest term of reproach that could be used. 
Foreign governments were. introducing steam-engines and 
the most improved kinds of machinery, whilst our 
Admiralty were standing still, notwithstanding the war 
with France, which called for more than ordinary despatch 
in the building and repairs of ships of war. 

In Mr. Eennie's report to the Commission, he incidentally 
mentions mechanical appliances which he was engaged at 
the time in manufacturing for exportation. " I am erect- 
ing," he said, " a steam-engine for the royal dockyard at 
Copenhagen, for the purpose of blowing all the bellows 
in the smithies, and another for pumping water out of 
the docks. I also understand they mean to construct 
machinery there for forging anchor-palms and other large 
iron work. EoUing-mills for bars, bolts, hoops, &c., 
might also be employed with advantage. Saw-mills, such 
as I have constructed at Calicut, on the coast of Malabar, 
for sawing plank, beams, and other articles, would be very 
serviceable. Block-machinery and rope-works might like- 
wise be worked by steam-engines, as well as mills for 
rolling copper, machinery for working cranes, and other 
purposes." 

He pointed out, that dockyards ought to be so laid out 
as to enable work of the same kind to be carried on by 
continuous operations, as in a well-ordered manufactory. 
He showed that the water at the entrance of all the dock- 
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yards, exoepting Plymouth, was too shallow to enable 
large ships to be docked for repairs, ¥rLthoiit dismantling 
them and taking out their guns and stores, which was a 
cause of much delay, damage, and expense ; and he urged 
the provision of a dockyard in which the largest shipB 
might lie afloat at low water, and be docked and undocked 
in all states of the tide. He would also have powerful 
steam-engines provided, by which any dock might be 
pumped dry in a few hours, so as to enable repairs to be 
at once proceeded ¥rLth. He had no doubt that the cost of 
constructing such a harbour and dock would be saved to 
the nation in the course of a very few years. He also 
urged, as of still greater importance, the necessity for 
concentrating all dockyard work as much as possible. 
Himself the head of a large manufacturing establishment, 
he was well aware that the more the several branches are 
kept apart from each other, the less is the efficiency 
secured, and the greater is the wa6te of material as well 
as loss of time. He therefore urged above all things con- 
centration, and he broadly held that without it economy 
was impossible. 

Portsmouth, Plymouth, Pembroke, Sheemess, Chatham, 
Woolwich, and Deptford were mostly far apart, some of 
them very badly adapted for the purposes of royal dock- 
yards, and at nearly all of them the same costly process of 
patching, cobbling, and waste was going forward. In- 
deed, he held that it would be much cheaper, viewed as a 
money questioi^ only — ^not to mention the increased 
despatch of business and the improved quality of the work- 
manship — to construct an entirely new dockyard, where 
every department could be laid out in the most complete and 
scientific manner. These views looked so reasonable, and 
they pointed to results so important, that the Board of 
Naval Eevision determined to pursue the investigation; 
and they requested Mr. Eennie to examine all the royal 
dockyards, and report as to the improvements that might 
be made in them with the above object ; and also on his 
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plan of a new and oomplete naval arsenal suitable to the 
requirements of the nation. 

The result of his inquiries was set forth in the elaborate 
report delivered by him on the 14th May, 1807. He had 
found most of the royal harbours in a state of decay, silted 
up with mud or sand, and in a generally discreditable 
condition. Of all the naval arsenals, he found Plymouth 
had suffered the least, in consequence of less alluvial 
matter flowing into the harbour from the rivers dis- 
charging themselves into the Sound — the principal objec- 
tion to that port being that it was exposed to the violence 
of south-westerly and south-easterly winds. Portsmouth 
he found to be in a very defective state, much silted up 
with mud, the depth on the bar having become reduced 
within a century from 18 to 14 feet, whilst the works 
generally were in a condition of great decay. The docks 
were also, in his opinion, quite inadequate to the accom- 
modation of ships requiring repairs, whilst the storehouses, 
workshops, and building-slips were ill laid out, having 
been run up in haste after no well-digested plan, involving 
bad work and waste both of money and of time.* 

Deptford Eoyal Dockyard, the oldest on the Thames, 
was objectionable because of the decreasing depth of 
water, which rendered it less and less available for ships 
of large burden; and hence it was gradully being 
abandoned for ship-building purposes ; Mr. Eennie recom- 
mending that it should for the future be exclusively used 
as a victualling yard. Woolwich also he considered ill 



♦ By way of illustrating his 
views, Mr. Rennie used to say : — 
"Let any stranger visit Ports- 
mouth Dockyard, the head estab- 
lishment of the British Navy, he 
will be astonished at the vastness 
and number of buildings, and 
perhaps say, *What a wonderful 
place it is ! ' knowing nothing 
about the subject. But I can 



compare the place to nothing else 
than to a pack of cards, with the 
names of different buildings, 
docks, &c., marked upon them, 
and then tossed up into the air, 
so that each, in falling, might find 
its place by chance, — so com- 
pletely are they devoid of all 
arrangement and order." 
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adapted for the purposes of a royal harbour and arsenal; 
it was situated too high up the river, where the water was 
shallow, and the place was incapable of enlargement to 
the required extent, except at an enormous cost. He held 
that large ships, even if built there, must go down the 
stream into deeper water before they could take in their 
guns, stores, and provisions, thus involving the risk of 
damage and the certainty of delay and increased expense. 

With reference to the naval arsenals on the Medway, 
although considerable improvements had been made in the 
dry and wet docks at Chatham, yet he held that the place 
was from its situation, incapable of being adapted to the 
important purposes of a naval establishment, of such ex- 
tent and accommodation as should be commensurate with 
the national requirements. Besides, the navigation of the 
Medway from the Nore was very intricate, and the upper 
part too shallow for ships of large burden. 

Then, as for Sheemess, his opinion was that the yard 
there, besides being on too small a scale to adapt it for 
the purposes of a national harbour and arsenal, would be 
exposed to great risk in event of a war, being almost 
incapable of effectual defence. "On the whole," he 
observed, " it appears to me, on consideration of all the 
facts I have been able to collect respecting the principal 
naval arsenals of the empire, that they are far from pos- 
sessing such properties, either in point of situation, extent, 
arrangement, or depth of water in the harbours, as the 
large and growing naval power of this country demands." 

In reviewing the sites of the different arsenals, Mr. 
Bennie says he was struck with surprise to find them 
mostly placed on the lee shore of their respective harbours 
— the worst of all positions. Plymouth, Portsmouth, 
Chatham, and Sheemess were thus situated; Deptford 
was on the weather shore, and Woolwich had the prevail- 
ing wind blowing across it. He also pointed out that, at 
all the royal dockyards, vessels had to take in their stores 
and be rigged and fitted out in the open harbours ; and. 
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with the exception of Plymouth, the materials were 
clumsily and expensively conveyed from the shore to the 
Bhip*s side in lighters. There being no wet docks at any 
of the royal yards, vessels in ordinary lay moored out in 
the open tideway ; and the expense of moving them, of 
placing men on board to watch them, and the various 
accidents to which they were thus liable, were the constant 
cause of heavy loss to the nation. 

Regarding the subject in all its bearings, and with a view 
to despatch, efficiency, and economy, Mr. Rennie strongly 
recommended the construction of capacious wet and dry 
docks, in some convenient situation on a weather shore, 
provided with sufficient storehouses and workshops, fitted 
with engines and machinery on the most improved plans 
for the building and repair of ships ; and he expressed 
his strong opinion that the political importance of adopt- 
ing such a measure would far outweigh the expense, how- 
ever large, which it might be necessary to incur. 

The subject was felt by the Admiralty authorities to 
be of so much importance, that Mr. Rennie was again 
requested to report as to the most advisable site for a great 
naval harbour and arsenal such as he had proposed ; and 
he was requested by Lord Howick (then First Lord) more 
particularly to state his views as to the eligibility of 
Northfleet on the Thames, which had been suggested as 
the most desirable situation. In his visit of inspection to 
the place, Mr. Rennie was accompanied by his venerable 
friend James Watt, and his confidential assistant Mr. 
Southern, together with Mr. Whidbey, acting master- 
attendant at Woolwich Dockyard ; and he had the benefit 
of their great experience in maturing the design which he 
shortly after laid before the Admiralty for their considera- 
tion. 

The proposed site seemed to him most convenient foi 
the purpose of a great naval harbour and arsenal. " North- 
fleet," he said, " possesses every advantage that can 
possibly be wished for in a naval station, and it is capable 
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of being rendered as complete and perfect an establish- 
ment as can be made for building, repairing, and fitting 
out vessels of war of all classes, on the largest scale." 
The Thames at that point presented abundant depth of 
water ; there was a large space of flat land available for 
the harbour and docks, which might be so laid out as to 
be almost indefinitely extended ; the situation was on the 
weather shore, well protected, and capable of being strongly 
defended ; it would be in direct connection by water with 
Woolwich, Deptford, and London, as well as with Chatham 
and Sheerness ; and as a great national harbour and 
arsenal, he regarded its situation on the Thames, at the 
entrance to the greatest port in the world, as in all 
respects the most suitable and appropriate. Accompany- 
ing his report was a carefully devised and most elaborate 
plan,* which unhappily was never carried out. 



* The site of the proposed ar- 
senal was the flat portion of land 
near Northfleet, about eight hun- 
dred acres in extent, lying in the 
angular space formed by Fidlers' 
and Northfleet Beaches. Its 
depth close to the shore was about 
seven fathoms at low water, or 
sufficient for vessels of the largest 
burden. The main entrance-lock 
was to be at the Northfleet end of 
the docks, within which was to be 
an entrance-basin 1815 feet long 
and 600 feet wide, covering about 
twenty-five acres. Dry docks were 
to be placed conveniently near, 
from which the water was to be 
pumped by powerful steam-en- 
gines, so that vessels might be 
docked directly from the basin, 
and have their bottoms examined 
with the least loss of time. Part 
of the entrance-basin was to be 
appropriated for an anchor-wharf, 
another for a gun-wharf ; next the 
stores and victualling wharves, 
with their appropriate buildings ; 



the whole arranged on a system, 
so that the materials required 
on shipboard might be passed 
forward to their respective wharves 
from one stage of preparation to 
another, with the greatest despatch 
and economy. At the north end 
of the basin were to be the mast 
and boat ponds, with their ad- 
joining workshops, connected also 
with the Thames and the main 
western basin by separate en- 
trances. The main western basin 
was to be at right angles to the 
entrance-basin, 4000 feet long and 
950 feet wide, covering a surface 
of about eighty acres. Alongside 
were to be six dry docks and eight 
building slips, all fitted in the 
most complete manner with the 
requisite saw-pits, seasoning- 
sheds, mould-lofts, timber stores, 
and smitheries, conveniently situ- 
ated in the rear. The whole of 
the heavy work, such as bellows- 
blowing, tilt-hammering, forging 
of anchors, and iron-rolling, was 
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Mr. Eennio was also consulted respecting the improve- 
meat of the old royal dockyards, and submitted variotia piano 



I number of emallei Teasels, 
might conveaiently lie ia thia 
basin, and fet afford abundant 
epace for the laimchiog of new 
vessels. Another basin, 980 feet 
long and 500 feet wide, was pro- 
posed for timber-ships, on the 
south-west extremity of the great 
basin, with a separate eotranoo 
into the Thames a little below 
Greenhithe. The whole of the 
arsenal was to be connected to- 
gether by a system of railways ex- 
tending to every part and all 
round the wharves. The plan 
was moat complete, some of the 
details being highly iogenioas. 
I!ut the cost of executing the work 
was the real difficulty; Mr. Ben- 
Die's estimate of the total outlay 



complete the works 
amounting to four milliona and-a- 
half sterling. Yet the plau was 
so masterly and compreheosive, 
and so obviously the right thing 
to be done, that the Portland Ad- 
ministration determiued to carry 
it out, and the uecessary land was 
bought for the purpose. Frequent 
changes of Miaiatry, howt 






t the t 



; the r 



of the country were heavily 
taxed ia carrying on the war 
against Napoleon in Spain ; the 
publio attrition was diverted in 
other quarters ; and no further 
steps were taken to carry out Mr. 
Rennie's design. He knocked at 
the door of one Administration 
after another without effect. In 
I81U we find him writing tu 
Lord Mnlgrave, the First LonI ; 
to the Bight Hon. George Rose 
to the Earl St. Vincent, and others; 
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with this object, the most important of which were only 
carried out after the Northfleet project had been finally 
abandoned. Of the new works executed after our engineer's 
designs those at Sheemess were the most extensive. The 
royal dockyard there wad felt to be a public disgrace. It 
consisted of a number of old wooden docks and basins, 
formed by ships' timbers roughly knocked together from 
time to time, as necessity required. The ground, in 
its original state, had been merely an accumulation of 
mud and bog, surrounded by a wide extent of flat wet 
land. 

It is easy to conceive how, in ancient times, Sheemess 
must have been regarded as of importance, occupying as it 
does the extreme north-western point of the Isle of 
Sheppey, and commanding the entrance both of the 
Thames and the Medway. But, with the improvements 
in modem artillery, the place has in a great measure 



but though the more the plans 
were scrutinised, the more indis- 
putable did their merits appear, 
he could find no Ministry strong 
enough to calrry them out. When 
peace came, Government and peo- 
ple were alike sick of wars, naval 
armaments, and glorious victories ; 
and believing that aU danger 
from France was at an end, — fiie 
French fleet having been destroyed 
or captured,and Napoleon banished 
to St. Helena, — it was supposed 
that the old royal harbours, 
patched and cobbled up, might 
answer every purpose. So the 
land at Northneet was sold, and 
the whole subject dismissed from 
the public mind. But, after the 
lapse of half a century, the wis- 
dom of Mr. Bennie's advice has 
become more clearly apparent even 
than before. For years past, the 
waste in our dockyards, which it 
was the chief object of his North- 



fleet design to prevent, has be- 
come one of the principal topics of 
public discussion, and it has been 
the standing opprobrium of every 
successive Naval Administration. 
What Mr. Bennie urged flfty years 
since still holds as true as ever— 
that without concentration economif 
is impossible. So long as Govern- 
ment goes on tinkering at the old 
dockyards, spending enormous 
sums of money in the vain attempt 
to render them severally efficient, 
and maintaining separate expen- 
sive staffs in so many different 
places, — ^building a slup in one 
yard and sendkig it round the 
island to another, perhaps more 
than a hundred mUes distant, to 
be flnished and fitted, and then to 
another to take in its guns, stores, 
&c., — so long shall we have in- 
creasing reason to complain of the 
frightfi^ waste of public money in 
the royal dockyards. 
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ceaeed to be of value as a pablio arsenal, being incapable 
of efficient defence against a hostile fleet. Mr, Eennie 
entertained a strong opinion as to the inferiority of the 
qite compared with others which be pointed out; but from 
the time when he was directed to prepare plana for the 
reconstruction of the docfeyards, hia bosinesB was confined 
to carrying out hia instructions in the best possible 
manner. 



The plan finally decided upon was that of a river-front, 
extending from the Garrison Point to near the Old Town 
Pier of SheemesB, of the length of 3150 feet, including the 
entrances, and enclosing within it three basins : one to 
the north, 480 feet long and from 90 to 200 feet wide, 
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containing a surface of about two acres, 4 feet below low 
water of spring tides, with two frigate-docks and a build- 
ing-slip and boat-slips ; a central tidal basin 220 feet 
square, of the depth of 2 feet below low water, with store- 
houses around it for the reception and delivery of victual- 
ling and other stores ; and on the west end of the dock- 
yard a basin 620 feet long and 300 feet wide, covering a 
surface of nearly four acres, provided with dry docks for 
ships of the line on the south side, with their cills and the 
bottom of the basin laid 9 feet below low water of spring 
tides, westward of which were the mast-ponds, mast-locks, 
and workshops. In the rear, on the south of these works, 
were placed sawpits, timber-berths, and the officers' houses. 
The total surface of the dockyard was 64| acres. The 
foundation-stone of the docks was laid by the late Lord 
Yiscount Melville in 1815, and the works were commenced 
and continued without interruption until the year 1826, 
when the whole were completed. 

Their execution was attended with many difficulties, 
and necessarily required a great deal of Mr. Rennie's care 
and attention. The foundations were a soft running sand, 
extending to an almost fathomless depth. The strong 
currents flowing past the place rendered it necessary to 
adopt an entirely new system of operations, which were 
carried out to an extent never before attempted in so 
exposed a situation. That form of sea-wall was devised 
which should most effectually resist the strong pressure 
of the current, and the heavy swell beating upon its outer 
side, without yielding to the lateral pressure or thrust of 
the water of the basins and the earth by which it was 
backed. At the same time the weight necessary to ensure 
stability must not be such as to sink vertically. Mr. 
Eennie adopted the means to secure these objects which he 
had employed with such success at Grimsby Docks in 1797, 
namely, to take the like quantity of materials as would 
have been necessary for an ordinary wall, and dispose of 
them in such a form, that the same weight should be 
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distributed over a greater surface, thus diminishing the 
vertical pressure. 

In the foundations of the walls he also adopted the 
method employed by him in similar works, of driving the 
piles and cutting off their heads at an angle inclining 
inwards, or towards the land side, laying the courses of 
stone at the same angle ; by which a greater resistance 
was offered to the pressure of the earth, and the building 
was prevented from being pushed outwards, as was more 
or less the case in most of the walls built on the old con- 
struction. The entrance gates to the great basin were 
also planned and executed with great skill, Mr. Kennie 
carrjdng into effect the same simple but correct principles 
laid down by him in his report on the Northfleet docks, 
making the direction of the entrance suitable to the current 
in the river Medway, and fi'om which the ships entered 
the port. 

The coffer-dams in which these Cyclopean walls were 
built demand a passing notice because of their gigantic 
dimensions and the great depth at which they were founded, 
at not less than from 27 to 28 feet below low water of 
spring tides. They were composed of four rows of piles 
about 12 to 14 inches square. The two centre rows were 
carried about 4 feet above the level of high water of 
the highest spring tides, and were driven from 20 to 30 
feet into the sea-bottom. The outer and inner rows were 
about 7 feet from the two centre main rows, but only 
extended up to the level of the half tide, and were driven 
from 15 to' 20 feet into the ground. All the piles were 
hooped and shod with wrought iron, firmly bound together 
at the bottom, middle, and top, with timber braces and 
wrought-iron bolts and ties in every direction. The joints 
were caulked with oakum and covered with pitch, and the 
spaces between the piles were filled with well-tempered 
clay, so that they were as nearly water-tight as possible, 
notwithstanding the tremendous weight of the sea outside 
at the top of each tide. Though the dams somewhat 
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changed form by this pressure and inclined inwards, the 
piles were prevented being forced in that direction by 
powerful counteracting braces, and the whole stood fE«t 
until the completion of the work, contrary to the expecta- 
tions of many, who regarded it as an altogether impracti- 
cable thing to construct coffer-dams of such magnitude in 
so exposed a situation, where the pressure to be resisted 
was so enormous. 

The only accident which occurred to the coffer-dams 
was in 1820, when the old * Bellerophon * line of battle 
ship, which had been anchored outside to break the swell, 
was forced from her moorings by a fierce storm from the 
north-east, and driven against the piling, a large extent of 
which gave way, and the waters rushed in upon the 
works. Fortunately, the building of the wall was by this 
time considerably advanced, so that nb great damage was 
done. On the fall of the tide the dams were repaired 
without difficulty, and the works proceeded to completion. 

Among Mr. Eennie's other dock works may be mentioned 
the new river-wall, with a ship-basin and two building- 
slips, at Woolwich ; the new dockyard, building-slips, and 
dry dock at Pembroke; the new entrance to Deptford 
Basin ; and various improvements at Chatham, Portsmouth, 
and Plymouth. 

One of Mr. Eennie's most ingenious plans was that 
proposed by him for the improvement of Chatham Dock- 
yard. He saw large sums of money expended from year 
to year in the ineffectual patching-up of the old yards, 
with little good result ; and he foresaw that eventually the 
Government, if it would secure efficiency and avoid waste, 
must fall back upon some such plan as his Northfleet 
Docks to obtain the requisite economy by concentration of 
dockyard work. In 1818 he was requested to report on 
the best means of improving Chatham Dockyard, when he 
again pointed out the great loss to the nation by maintain- 
ing so many separate yards, all of which were being 
^ikered and mended at an enormous cost. 

tL 
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He then iKitdly recommended that the Oovemment 
ehould eel! Deptford Dockyard, which he held to be com- 
paratively useless, and devote the proceeds to the improve- 
ment of Chatham, after the plan which he sabmitted. It 
oonsisted in cutting a new channel from a point in the river 
Mcdwaj, a little below Rochester Bridge, to another point 
lower down the rivet at Upnor Caatle, thus Btraightening 



Fi.!! of sied».r imprcraiMt. verted into a capacious 

wet dock, extending 
along the whole front of the dockyard, and shut in by gates 
ttt either end. He also proposed to make another cut 
from its lower end to join the Medway at Gillingham, 
where there is ample depth of water at all times for ships 
of the largest burden. 

Lord Melville was much struck with the simplicity and 
at the same time the compreheiuivo character of the plan, 
and wished to have an estimnte of the cost. The whole 
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amount — including land, labour, and materials — according 
to the engineer, would not exceed 686,0O0Z., against whioJi 
there was to be set the heavy annual cost for moorings in 
the tide- way (which would be saved) or equal to a capital 
sum of 200,000Z. ; the expense of watching vessels lying 
at moorings, amounting to about 15,O00Z. a year, or equal 
to a capital sum of 300,000Z. ; and the amount realised by 
the sale of the disused dockyard at Deptford, which of 
itself would have been almost sufficient to defray the 
entire cost of this magnificent new arsenal, — not to mention 
the saving in the steam and other vessels employed in 
carrying stores to the men-of-war lying in ordinary along 
the course of the Medway, and the great despatch and 
economy which would have been secured in all the opera- 
tions connected with the building, fitting, and repairs of 
ships. 

The plan, however, was too comprehensive, and was not 
adopted. Building and patching are still going on at 
Chatham, at a cost far exceeding that required to carry 
out Mr. Eennie's design ; but it still remains to be seen 
whether anything like the same amount of concentration 
and efficiency will be secured. 
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s 

Plymouth Breakwater. 

The harbour of Plymouth being situated at the entrance to 
the English Channel, nearly opposite two of the principal 
French coast arsenals, has always been regarded as a naval 
station of national importance. The great area of the 
Sound, its depth of water, and its connection with the two 
spacious and secure inner harbours of Hamoaze and Cat- 
water, admirably fit it for such a purpose. The Sound is 
more than three miles wide in all directions, and includes 
an area of about four thousand acres, with a depth of water 
varying from four to twenty fathoms at low water of spring 
tides. Its shores are bold and picturesque, rising in some 
places in almost perpendicular cliffs ; in others, as at Mount 
Edgcumbe, the land, clothed with the richest verdure, 
slopes gently down to the water line. 

The only natural defect of the haven — and it was felt to 
be a serious one — was that the Sound lay open to the south, 
and was consequently exposed to the fury of the gales 
blowing from that quarter during the equinoxes. The 
advantages presented by its excellent anchorage and great 
depth of water were thus in a considerable degree neu- 
tralized, and the cases were not unfrequent of large vessels 
being forced from their moorings during storms, and driven 
on shore. 

From an early period, therefore, the better protection of 
the outer harbour of Plymouth was deemed to be a matter 
of much importance, and various plans were proposed with 
that object. One of these was, to carry out a pier from 
near Penlee Point, at the south-western entrance to the 
Sound, for a distance of above 3000 feet, into deep water ; 
another was, to construct a pier several thousand feet long, 
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from Staddon Point to the Panther rock ; and a third con- 
templated a still more extensive pier, of above 8000 feet in 
length, extending westward into deep water, from the 
Bouth-eastem entrance to the Sound. While the question 
"was under discussion, the Lords of the Admiralty called 
upon Mr. Kennie to report upon these several plans, and to 
advise them what, in his opinion, was the best course to be 
pursued. In his preliminary inquiry, which was of the 
most thorough kind, he was assisted by Mr. Joseph Whidbey 
and Mr. James Hemmans. 

Mr. Whidbey had been a sailing master in the Royal 
Navy, and was a most able and meritorious officer. He 
had sailed round the world with Vancouver, and raised 
himself from the station of a man before the mast to the 
highest position a non-commissioned officer could reach. 
His varied experience had produced rich fruits in a mind 
naturally robust and vigorous. As might be expected, he 
was an excellent seaman. He was also a person of con- >* 
siderable acquaintance with practical science, and had 
acquired from experience a large knowledge of human 
nature, of a kind that is not to be derived from books. 
He was afterwards raised to the office of Master- Attendant 
at Woolwich Dockyard, and was greatly beloved and 
respected by all who knew him. Mr. Hemmans was Master- 
Attendant of Plymouth Dockyard, and possessed an inti- 
mate practical knowledge of the locality, which proved of 
much value in the course of the investigation. 

The result of Mr. Rennie's careful study of the object to 
be accomplished, and the best mode of fulfilling the require- 
ments of the Admiralty, was embodied in the report pre- 
sented by him on the 22nd of April, 1806. He there 
expressed himself of opinion that, of the three plans which 
had been proposed, that of a pier extending westward from 
Andum Point, near the Shagstone, at the south-eastern 
extremity of the Sound, was the best ; but even that was 
objectionable, as calculated to produce shoaling of the har- 
bour by favouring the deposit of silt — a process which was 
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tlieD going on, and which it was most desirable to prevent. 
Looking at the main object of the proposed work, which 
was to render the Sound a safe haven for vessels riding at 
anchor there, as well as to increase the security of Plymouth 
inner harbour, he considered that another method might 
be adopted, with greater certainty of success, at much less 
cost, and without any risk of silting up the entrance of the 
harbour. 

It may here be explained that, in its original state, there 
were three channels of entrance into the Sound: one on 
the west side, 3000 feet wide, between the Scottish Ground 
rocks and the Knapp and Panther rocks ; another, on the 
eastern side, 1800 feet wide, between the shore and the 
Tinker, St. Carlos, and Shovel rocks ; and a third in mid 
channel, also about 1800 feet wide, which was rarely used, 
being through dangerous rocks on either side. Any works 
which might be constructed across this middle channel, it 
appeared to Mr. Eennie, would be of no detriment to the 
navigation of the Soimd. On the other hand, by narrowing 
the passage through which the tidal waters flowed in and 
out, the tendency would be to increase the scour, and con 
sequently to deepen the two remaining channels — an object 
only second in importance to the protection of the harbour 
itself. 

His plan accordingly was, to form a Breakwater across 
the middle channel by throwing into the sea large angular 
blocks of rubble, of from two to twelve tons each, leaving 
them to find their own base, and to continue this process 
until a sufficient mass had been raised to the level of half- 
tide, so as to make a ridge, about 70 yards broad at the 
base and 10 yards at the top, these dimensions to be after- 
wards varied and increased according to circumstances. 
He proposed that the Breakwater should be of a total 
length of 5100 feet; of which 3000 feet, forming the central 
part, was to be in a straight line across the Sound, and 
1050 feet at either end inclined inwards at an angle 
of 160 degrees. It was also proposed to run out a pier of 
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2400 feet, in two arms, from Andum Poiot, at tlie south- 
eastern eutrttnce to the Sound, but thie part of the design 



ThwoftiuBfgakviiierfrijmUoDntl^gciimbe. [By Itrclvtl SIuIUjd, tftei lilg 
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was not carried into effect. The total estimate of cost, 
mcluding the Point Andum pier, was 1,102,4401. 
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The formatioD of breakwaters by a similar process had 
been practised from an early period ; and by such means 
the moles of Venice, Genoa, Eochelle, Cherbourg, and other 
ports, had been formed. Mr. Eennie had himself adopted 
the same method in forming the harbours of Howth, Kings- 
town, and Holyhead ; and the success which had followed 
his operations at those places left no doubt in his mind as 
to the practicability of constructing an efl&cient breakwater 
across Plymouth Sound, though the situation was admitted 
to be much more difficult. Mr. Bennie considered that a 
ridge of rough, heavy stones would be the simplest and 
least costly, as it would probably be found the most efficient, 
plan of protection that could be devised. By throwing -in 
the blocks in the given line, and allowing the waves by 
their own action to form the slope or angle of repose at 
which the materials would lie, the expenditure of an infinity 
of labour and money would be avoided. In this kind of 
work he held that success was to be secured by following 
the laws of nature ; and, with reference to the proper slope, 
his own expression was that "the waves were the best 
workmen." 

The report in which Mr. Rennie embodied these recom- 
mendations excited great interest amongst naval men, and 
led to much discussion. Many pronounced the scheme to 
be visionary and impracticable. It was also alleged that, 
even if it could be executed, such a work would prove alto- 
gether useless. Others held that it would destroy the 
Sound for purposes of navigation, and*lead to its complete 
silting up; whilst a greater number criticised and con- 
demned it in all its details. Amongst other critics, one of 
the most severe was the late General Sir Samuel Bentham, 
a brother of Jeremy the philosopher, who strongly recom- 
mended a plan of his own, consisting of one hundred and 
forty wooden towers, with stones sunk between them in a 
double line. Five years' controversy thus passed, and 
numerous designs were prepared, submitted, and considered, 
all of which were referred to Mr. Eennie, who still remained 
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as firmly satisfied as ever of the expediency of his design, 
and vindicated its superiority over all others which had been- 
proposed. At length the Lords of the Admii-alty were won 
over to his views, as well as Earl St. Vincent, Lord Keith, 
and many other leading naval officers. Lord Melville was 
then at the head of the Admiralty, and when he had become 
fully persuaded as to the merits of Mr. Kennie's plan, and 
ascertained that there was a growing unanimity of opinion 
in its favour, he exerted himself strenuously to have it 
carried into effect. 

The result was, that an Order of Council was issued on 
the 22nd June, 1811, by which the requisite powers were 
given to proceed with the works. Mr. Eennie was appointed 
engineer in chief, and Mr. Whidbey resident engineer, with 
Mr. William Stewart as assistant. It was very difficult to 
find contractors willing to undertake the execution of a 
work of so novel and extensive a character, except at prices 
which the engineer could not sanction ; and it was there- 
fore determined only to contract for the labour of the several 
operations in detail, so that there might be an opportunity 
for revising the scale of prices from time to time,* — the 
Government undertaking to find the requisite plant and 
materials. 

A piece of ground was purchased from the Duke of 
Bedford at Oreston, up the Catwater, containing twenty- 
five acres of limestone, well adapted for the purposes of the 
work ; and steps were taken to open out the quarry, to lay 
down railways to the wharves, to erect cranes, to build 
vessels suitable for conveyance of the stone, and to provide 
the various appliances required for carrying out the under- 
taking. 
On the 12th of August, 1811, the birthday of the Prince 



* The propriety of this arrange- 
ment was proved by the fact, that 
whereas the price paid in 1812 for 
taking and depositing rubble in 
the Breakwater was 28. 9d. per 
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ton, it was afterwards reduced to 
Is, per ton, as the contractors and 
workmen became better acquainted 
with the nature of the work. 
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Hegent, the first stone of the main ridge was deposited on 
the Shovelbank rock, nearly in the centre of the '^wark,* 
Lord Keith, commander of liie Channel Fleet, was present, 
attended by the chief naval, military, and civil authorities 
of the port, together with the staff and men of the bmlding 
establishment. 

From this time forward the operations were carried on 
with despatch when the weather would permit. The work- 
men began at the centre and worked towards the extremities. 
The lines of the Breakwater were carefully marked out by 
buoys, to which the barges laden with the stone blocks 
were attached whilst they were being emptied into the sea ; 
after which they returned to the quarry wharves, about 
five miles distant, for fresh cargoes. 

.For nearly two years this process of emptying in the 
rubble proceeded; until, in March 1813, portions of the 
work began to be visible at low water, and by the end of 
July there appeared a continuous line of about 720 yards. 
By the month of March in the following year the ridge had 
been so raised, that its effect in tranquillizing the waters 
of the Sound during violent south-westerly gales was very 
considerable, and vessels of all classes sought its protection 
and came to anchor behind it with perfect confidence. 

The Admiral's ship on the station, the ' Queen Charlotte,' 
of 120 guns, had been heretofore accustomed to ride in 
Cawsand Bay ; but it was now brought to an anchor under 
the lee of the Breakwater. Among other vessels which 
took shelter there in 1814 was a large French three-decker, 
which rode out a severe gale in safety. The year after, 
when Napoleon entered Plymouth Soimd on: board the 
* Bellerophon,' he ei^pressed himself as greatly surprised 
with the magnitude of the work, and spoke with admira- 
tion of the intentions with which it had been designed and 
executed. 

By the 11th of August, 1815, not less than 615,057 tons 
of stone had been deposited, and a length of 1100 yards 
was raised above low water of spring tides. The complete 
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success of the work was now beyond dispute, and exceeded 
the most sanguine anticipations. Even the most sceptical 
became convinced of its great practical utility, and many 
who had before oflfered vehement opposition to its being 
begun, became clamorous for its completion on even a larger 
scale than Mr. Eennie had originally intended. 

It was at length determined by the Admiralty, after 
advising with the engineer, to carry the whole Breakwater 
twenty feet, instead of ten feet, above the level of low water 
of spring tides. While the original plan of Mr. Eennie was 
calculated to a£ford complete security to the larger class of 
vessels, this addition to the height doubtless gave more 
adequate protection to the smaller craft. The finishing of 
the work above the low-water line, however, involved a 
more expensive kind of workmanship ; for the greatest force 
of the waves is exercised between the lines of high and low 
water. 

Hence it became necessary to render this upper part of 
the Breakwater so strong as to present the greatest possible 
amount of resistance. Mr. Eennie suggested the propriety 
of increasing the seaward slope to about 5 to 1, so as to 
give greater strength, and present an increased resistance 
to the force of the waves. But this recommendation was 
overruled for the time, and the work proceeded. 

The operations were continued without intermission, the 
stone blocks being deposited at the rate of 1030 tons a-day 
during the year 1816 — a greater average than has since 
been accomplished in carrying out any similar work, not- 
withstanding the improved modem appliances of stages pro- 
vided with steam power, and railways worked by powerful 
locomotives.* Towards the end of the year, about 300 yards, 
of the west end of the Breakwater had been raised to the 
full height of two feet above high water, and 20 feet above 
low water of spring tides. 



* The largest quantity of stone 
deposited in one year was in 1821, 
when not loss than 373,773 tons 



were quarried, lightered, and 
emptied into the work. 
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Success, as usual, produced over-confidence; and the 
authorities on the spot, believing that if the sea slope of 
the rubble were roughly put together at an inclination 
of 3 to 1, it would present sufficient resistance, as well 
reduce the expense, directed it to be so executed. But 
about this time a succession of severe gales set in from 
the south-west and sent a tremendous sea upon the Break- 
water, — especially one of great violence, which occurred on 
the 17th of January, 1817. 

On examining the work, after the return of moderate 
weather, it was ascertained that a length of about 200 yards 
of the rubble of the upper part had been displaced or 
deranged — that several blocks of stone, varying from tw^o 
to five tons, had by the force of the waves been thrown over 
from the south or sea slope to the north or land slope — and 
that their further effect had been to increase the inclination 
of the former to 5^ to 1, instead of 3 to 1, as it had origi- 
nally stood. 

Kevertheless, the great mass of the Breakwater remained 
unmoved, and large numbers of vessels, availing themselves 
of the secure protection which it provided, had been enabled 
to ride out the storm in safety. Unfortunately, however, 
the * Jasper ' sloop of war and the ' Telegraph ' schooner, 
anchored without the line of protection, were driven on 
shore and wrecked under the citadel, when a^ melancholy 
loss of life took place. 

Mr. Eennie was of opinion that this storm had proved of 
great service by forcing the stones together and consoli- 
dating the work more firmly. His recommendation as to 
the necessity of increasing the seaward slope having been 
so singularly confirmed by the action of the waves, he now 
advised that it should be allowed to remain as left by the 
storm of the 17th, and that the rest of that face of the 
Breakwater should be made uniform with it. It would, 
however, appear that Mr. Whidbey, the resident engineer, 
contrived to finish most of the exterior face at a slope of 
only 3 to 1, as before ; and thus it stood without any mate- 
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rial interruption antil several years after Mr. Betmie'a 
death. By that time nearly the whole of the intended 
ruhble, amounting to 2,381,321 tons, had been deposited, 
and the main arm, with 200 yards of the we«t arm, making 
1241 yards in length, had been raixnd to the renuired 
level. 



Flynmnli BnalEwatfT. [It; PerclvtlSikelUD, after tiiioniliulLinxlDg.] 

The work had arrived at that stage when it had to expe- 
rience the full force of another terrific storm, which took 
place on the 23rd of November, 1824. It blew at first from 
the somth-flouth-east, and then veered roond to the south- 
west ; and the effect of this concurrence of winds was to 
heap together the waters of the Channel between Bolt 
Head and Lizard Point, and drive them with terrible force 
int« the narrow inlet of Plymouth Sound. This storm was 
not only greatly more violent, but of much longer dura- 
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tion, than that of 1817. When the Breakwater could he 
examined, it was found that, out of the 1241 yards of the 
* upper part which had been completed with a slope of 3 to 1, 
796 yards had been altered as in the previous storm, and 
the immense blocks of stone which formed the sea-face 
of the work had by the force of the waves been rolled 
Dver to the landward side, thus reducing the sea-slope, 
is before, to about 5 to 1. 

The accuracy of Mr. Eennie's view as to the proper slope 
— which was indicated by the action of the sea itself — ^was 
thus a second time confirmed ; and the same view having 
l)een taken by the engineers * who -were called upon to 
make an inspection of the work, and to report as to the 
best means of rendering it permanently secure, — it was 
determined to make the permanent slope of the same incli- 
nation, and the works were so carried out accordingly.f 



♦ ThcBe were Mr. Telford, Mr. 
Josias Jessop, Sir J. Benuie, and 
Mr. G. Bennie. For more full 
particulars as to the history and 
construction of the Breakwater, 
we refer the reader to Sir John 
Bonnie's elaborate work entitled 
*An Historical, Practical, and 
Theoretical Account of the Break- 
water in Plymouth Sound.* Lon- 
don, 1848. 

t The slopes were paved with i 
blocks of the largest stone, firmly | 
wedged together ; the centre line ! 
was removed 36 feet further sea- i 
wards ; the top width was reduced 
5 feet ; a strong binding course of 
dovetailed granite masonry was 
built at the bottom of the sea 
slope, which was laid one foot 
convex from the bottom to the 
top; whilst the land slope was 
laid with close-fitting rubble at 
the inclination of 2 to 1. It was, 
however, found, in the course of 
the work, that the rough paving 
of the rubble alone was scarcely 



strong enough to withstand the 
violence of the waves without a 
certain degree of yielding; and 
Sir J. Bennie, having been con- 
sulted by the Admiralty, recom- 
mended that, in addition to the 
granite basement binding course, 
there should be another similar 
course both in the centre and at 
the top of the sea slope ; and that 
the remainder should be paved 
with rough - dressed limestone 
ashlar, set in courses at right 
angles to the slope, about three 
feet deep on the average — each 
course binding well with the one 
adjacent, — the lower parts of the 
granite bonding • coursss being 
laid level, but the upper parts 
forming part of the slope. It was 
still found that there was a difii- 
culty in preventing the outer edge 
or base of the sea slope, where 
the main lower granite bonding 
courses Were placed, from being 
undermined by the waves ; and it 
was determined to place a trench- 
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The total quantity of rubble deposited to the end of 1848 — 
when the work may be said to have been completed — was 
3,670,444 tons, besides 22,149 cubic yards of masonry, or 
an amount of material at least equal to that contained in 
the Great Pyramid. The whole cost of this magnificent 
work was about a million and a half sterling, including a 
convenient and spacious watering place at Bovesand Bay. 

As forming a convenient and secure haven of refuge for 
merchant ships passing up and down Channel, along the 
great highway between England, America, and India — as 
well as a capacious harbour for vessels of war, wherein fifty 
ships of the line, besides frigates and smaller vessels, can 
at all times find safe anchorage — Pljrmouth Breakwater 
may in every respect be regarded as a magnificent work, 
worthy of a great maritime nation. 



ing or foreshore on the outside of 
the sea slope, 40 feet wide in the 
centre of the Breakwater, increas- 
ing to 50 feet wide at the com- 
mencement of the western arm, 
and diminishing towards the east- 
ern arm to the width of only 30 
feet. This foreshore was about 2 
feet above the level of low water 
of spring tides next to the toe or 
base ; and the surface was roughly 
paved with rubble well wedged to- 
gether. The whole of the slope 
was paved with well-dressed 
courses of ashlar masonry without 
mortar, 8 feet 6 inches deep, well > 



bedded down upon the rubble be- 
low. The extremity of the Western 
arm was furnished with a solid 
head t)f circular masonry, 75 feet 
diameter at the top, with slopes of 
5 to 1 all round. At the point at 
which the lighthouse has since 
been placed, an inverted arch of 
solid blocks was formed, the whole 
well-bonded, dovetailed, and dow- 
elled together, and firmly united 
with the other parts of the solid 
rock. These works answered ad- 
mirably, and Plymouth Break- 
water now rests as firm as a rock 
upon the bottom of the sea. 




Seciion of the breakwater as finished 



CHAPTER XI. 

Mr. RENNiE'a Last Wokks — Hia Death and Character. 

Oh undertakings each as these, of great maguitude and 
importance, Mr. Bennie was engaged until the close of hie 
useful and laborious life. There was scarcely a project of 
any large public work on which lie was not consulted; 
sometimeB fumiebing the plans, and at other times Teviaing 
tbe designs which were submitted to him. Numerous 
works of minor importance also occupied much of his 
attention, as is shown by the extent of his correspondence 
and the number of bis reports, which contain an almost 
complete repository of engineering practice. 

While be was engaged in designing and superintending 
tbe construction of bis great London Bridges, the forma- 
tion of Plymouth Breakwater, the building of the docks 
at SbeemesB, tbe cutting of tbe Crinan Canal, and the 
drainage of tbe Pens by tbe completion of tbe Eau Brink 
Cut, he was at tbe same time consulted as to many im. 
portant ecbemes for tbe supply of large towns with water. 
His report on the distribution of tbe wat«r supplied by 
the York Buildings Company in tbe Strand— in which he 
proposed for tbe firat time to appropriate a distinct service 
to the several quarters of the district supplied — was a 
masterpiece in its way ; and the principles be then laid 
down have been generally followed by subsequent en- 
gineers. He also reported on the improved water-supply 
of Manchester, Edinburgh, Bristol, Leeds, Donoaster, 
Greenwich and Deptford, and many other large towns b 
England and Scotland, as weU as iu the colonies and in 
foreign conntries.* 
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In addition to the various mills and manufactories fitted 
up by him with new and improved machinery, we may 
mention that he advised the Bank of England on the 
subject of the more rapid manufacture of bank-notes by 
the employment of the steam-engine ; and that he entirely 
re-arranged the Government machinery at Waltham for 
the manufacture of gunpowder. He erected the anchor- 
forge at Woolwich Dockyard, considered to be the most 
splendid piece of machinery in its day ; he supplied Baron 
Fagel (then Dutch minister in this country) with designs 
of dredging-engines for clearing the mud out of the 
rivers and canals of Holland; and constructed the prin- 
cipal part of the celebrated machinery for making ropes, 
according to Captain Huddart's patent. 

Captain Joseph Huddart, F.E.S., was a man of sound 
judgment, great nautical experience, and excellent skill 
as a mechanic and engineer. He was often consulted by 
Mr. Eennie in reference to marine works of more than 
ordinary importance. His origin, was humble, like that of 
so many of our early engineers ; and, like them also, he 
was attracted to the pursidt by the force of his genius, 
rather than by the peculiar direction of his education. 
He was bom at Allonby, in Cumberland, in 1740, — the 
son of a small farmer and shoemaker. From his mother 
he inherited a strong spirit and a vigorous loonstitution, 
combined with sound moral principles, which he nobly 
illustrated in his life. 

Huddart received an ordinary share of education at the 
common school of his village, to which he added a know- 
ledge of mathematics and astronomy, obtained from the 



land for the purpose of conBulting 
him as to the extension and im- 
provement of the waterworks of 
that city. Captain Dufour Was 
introduced to Mr. Bennie by the 
mutual friend of both, the eminent 
Dr. Wollaston. Mr. Bennie made 
a careful and detailed report on 



the surveys and plans submitted 
to him, especially on the engine 
and pumping machinery of the 
proposed works; and his advice 
was followed, very much to the 
advantage of the citizenB of 
Geneva. 
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•on of his teacher, who had studied those branches of 
Bcienco at Glasgow University. He seems to have been 
an indefatigable learner, for he also acquired some bnow^- 
ledge of music from an itinerant' miisic-teaoher, whose 
eseoution he very shortly excelled. His mechanical tastes 
early displayed themselves. Watching some millwrights 
employed in constructing a flour-mill, he copied the ma- 
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chineryin a model which he finished just as they had com- 
pleted their mill. He also made a model of a 74-gnii ship, 
after the drawings given in Mungo Murray's ' Treatise on 
Navigation and Shipbuilding.' 

At an early age, Huddart was employed in herding his 
father's cows on a hill-side overlooking the Solway Frith, 
and commanding a view of the coast of Scotland. There 
he took his books, with a desk of his own mating, and, 
while not forgetting the cattle, he occupied himself in 
reading, drawing, and mathematical studies. When a 
little older, ias father set him on the cobbler's stool, and 
taught him shoemaking,— though the boy's strong inclina- 
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tion was to he a sailor. Large shoals of herrings having 
made their appearance about this time in the Solway 
Frith, a small fishing company was started by the AUonby 
people, in which his father had a share, and young Hud- 
dart was sent out with the boats, very much to his delight. 
He now began to study navigation, carrying* on shoe- 
making in the winter, and herring-fishing at the time 
when the shoals were on the coast. On the death of his 
father, he succeeded to his share in the fishery, and took 
the command of a sloop employed in carrying the herrings 
to Ireland for sale. During his voyages he applied him- 
self to chart-making, and his chart of St. George's Channel, 
which he afterwards published, is still one of the best. 

The herrings having left the frith, Huddart got the 
command of a brig, his excellent character securing him 
the post; and he made a successful voyage to North 
America and back. His progress was steady and certain. 
A few years later we find him in command of an East 
Indiaman. After many successful voyages, in which he 
happily brought all his ships to port, and never met with 
Any serious disaster, he retired from the service ; having 
been in command of ships of greater or less burden for a 
period of twenty-five years. He now published many of 
his charts, the results of the observations he had made 
during his numerous voyages. 

His eminent character, not less than his known scientific 
knowledge, secured his introduction to the Trinity House 
as an Elder Brother, and to the direction of the London 
and East India Docks, in which situations he w4s emi- 
nently useful. The lighting of the coast proceeded chiefly 
under his direction, and many new lighthouses were erected, 
and floating-lights placed at various points at his recom- 
mendation. Among others, he superintended the con- 
struction of the lighthouse at Hurst Point. He also 
surveyed the harbours of V\ hitehaven, Boston, Hull, Swan- 
sea, St. Agnes, Leith, Holyhead, Woolwich Dockyard, and 
Sheemess ; several of these in conjunction with his friend 
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Mr. Eennie, who was always glad to have the benefit of 
his excellent judgment. He made many improvements iii 
ship-building ; but the invention for which the nation is 
principally indebted to him is his celebrated rope-making 
machinery, by which every part of a cable is made to bear 
an equal strain, greatly to the improvement of its strength 
and wearing qualities. ITus machinery, constructed for 
him by Mr. Eennie at Limehouse, was among the most 
perfect things of the kind ever put together.* 

In his capacity of advising engineer to the Admiralty, 
Mr. Eennie embraced every opportunity which his position 
afforded him of recommending the employment of steam 
power in the Eoyal Navy. His advice met with the usual 
reception from the inert official mind: first indifference; 
next passive resistance; then active opposition when he 
pressed the matter further. Naval officers, who had grown 
old in sailing tactics, could ill brook the idea of navigating 
ships of war by means of a mechanical invention. Skill in 
seamanship, of which the old salts were so proud, would 
be entirely superseded. The navy had done well enough 
heretofore without steam ; why introduce it now ? It was 
a smoky innovation, and if permitted, would only render 
ships liable to the risk of being blown up by boiler 
explosions. 

Lord Melville, however, listened to Mr. Eennie's sug- 
gestions, and at length consented to the employment of a 
small steam-vessel as a tug for a ship of war, by way of 
experiment. Mr. Eennie then hired the Margate steam- 
boat, the * Eclipse,' to tow the * Hastings,' 74, from Wool- 
wich to two miles below Gravesend, against a rising tide. 
The experiment was made on the 4th of June, 1819, and 
proved so successful that the Admiralty were induced to 
authorise a steamboat to be specially built at "Woolwich 



* Captain Huddart died at his 
house in Highbury Terrace, Lon- 
don, in 1816. closing a life of un- 



blemished integrity in the seventy- 
fifth year of his age. 
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for similar service. This vessel was named the * Comet ; ' 
it was built after the designs and under the direction of 
the late Mr. Oliver Lang, assisted to a considerable extent 
"by Mr. Eennie, who attended more particularly to the 
designing and fitting of the engines, which were made by 
Boulton and Watt. The * Comet,' though a small vessel, 
w^as the parent of other royal ships of vastly greater 
dimensions. She was only 120 feet long between the per- 
pendiculars, and 22 feet 6 inches in extreme breadth ; the 
draught of water was about 6^ feet, and the power of her 
engines about 40 horses. 

The Admiralty had great doubts as to the width of the 
paddle-boxes; but Mr. Eennie encouraged them to make 
the experiment after his design. " Steam-vessels," he 
observed, *' are as yet only in their infancy, and can 
scarcely be expected to have arrived at anything ap- 
proaching perfection. Much, however, will be learnt by 
experience ; but unless some risk is run in the early appli- 
cation of the new power, no improvements are likely to be 
made." * The ' Comet ' proved a most eflficient vessel — 
the best that had up to that time been constructed. She 
fully answered the purpose for which she was intended ; 
and the result was so satisfactory, that vessels of increased 
size and power were from time to time built, until the 
prejudice amongst naval men against the employment of 
steam power having been got over, it was at length 
generally introduced in the Eoyal Navy.f 



* Letter to the Admiralty, 22nd 
May, 1820. 

t Mr. Bennie was engaged for 



he could convince the Sea Lords 
of their advantages; on which 
Mr. Bennie compliments Sir D. 



many years in urging the intro- Milne, saying that he is " glad to 
duction of steam power in the ' find that there is one admiral in 
Boyal Navy. In 1817 we find the navy favourable to steam- 
him writing to Lord Melville, Sir boats." In July 1818, he laments 
J. Yorke, Sir D. Milne, and otiiers that he cannot convince Sir G. 



on the subject. It would appear 
*hat Lord Melville had declared 
that he was determined to employ 



Hope or Mr. Secretary Yorke of 
their utility, but that he is per- 
suaded their adoption mtist come 



steam-vessels as tugs, so soon as at last. On the 30th. May, 1820, 
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The Last of Mr. Eennie's great designs was that of I 
London Bridge, which., however, he did not live to c 
plete. The old bridge had been gradually falling : 
decay, and was felt to be an increasing obstacle to 
navigation of the river. The etarlings which protei 
the piers had uf late years been seriously battered by 
passing of hoys, barges, and lighters, on which they 
inflicted equal injury in return; for veesela were > 
stoutly foundering on them, and many were sunk 
their cargoes damaged or deatroyed. 

Emptying stones into the river, to protect the decs 
pile-work, had only had the effect of further obstmci 
the navigation, the scour of the current having for 
two great banks of stone across the bed of the ri> 
one about 100 feet below the bridge, and the other al 
the same distance above it, with two deep hollows betv 
them and the piers, from 25 to 33 feet deep at low wat 

The piers and arches were also becoming decn 
Though the top-hamper of houses had long been remo 
and the piers patched and strengthened at various tii 
the bridge was every year becoming less and less adaj 
for accommodating the increasing traffic to and Irom 
Oity. At last it was regarded as a standing nuisance, 
generally condemned as a disgrace to the capital, 
maintain the structure, inefficient and unsafe tboug. 
was, cost the City not less, on an average, than 3501 
year, and this expense was likely to increase very fast. 

The Corporation felt that they could no longer a' 



he writea Jamea Wutt, of Sir- I be done; for of all the igno: 
minj^m, informing him that the 1 obstinate, and stupid l>oarda a 

Admiralty had at last decided *""' '^ *""" "*"' — "*" ' ' 

upon having a Bteambo&t, not- 
vitbstaDdingtheBtroDg resistance 
of the Navy Board. " My tea- 
emu," he says, " I understand were 
eatiefactory ; bat unleas the Ad- 
miralty cram it down the throats < 
of tlie Navj Board, nothing will 



the Crown, the Navy Board i 
worst. I am BO disgusted 
them that, couid I at the pn 
moment vith decency relinq 
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dealing decisively with the subject. They then resolved 
to take the opinion of the best engineers and architects ; 
and Mr. Daw, the architect of the Corporation, Mr. Chap- 
man, the engineer, and Messrs. Alexander and Montague, 
two eminent City architects, were consulted as to the best 
stops to be taken under the circumstances. The result of 
their deliberations was a recommendation to the Corpora- 
tion to remove eight of the arches and to substitute four 
larger ones, as well as to make extensive repairs in the 
remaining arches, piers, and superstructure. 

This plan was referred to Mr. Kennie, Mr. Chapman, 
and Messrs. Montague, for further consideration. In 
accordance with Mr. Kennie's custom before making any 
report, he proceeded at once to master the whole of the 
facts. He could not otherwise give an opinion that could 
be relied on. He had the tides and currents watched and 
noted ; he had the river carefully sounded, above and below 
bridge, from Teddington Lock to the Hermitage entrance 
of the London Docks. He examined the piers down to 
their foundations, and explored the bottom of the river, 
making borings at various points between the one shore 
and the other. 

In the report which he made to the Corporation on the 
12th of March, 1821, a great deal of new and accurate 
information was first brought to light respecting the flow 
of the tide through the arches, and the additional depth of 
water likely to be secured by their removal. Although it 
was pronounced quite practicable to carry out the altera- 
tions which had been recommended, by erecting four new 
arches in lieu of the eight old ones, he was of opinion that 
the cost would be very considerable ; and, after all, the old 
foundations would still present great defects, which could 
never be wholly cured. Mr. Eennie therefore suggested 
the propriety of building an entirely new bridge of five 
arches, with a lineal waterway of not less than 690 feet, 
in lieu of the then waterway of 231 feet below the top 
level of the starlings, and 524 feet above them. 
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Besides the greatly increased acoommodation, which 
would be provided by a new bridge, for the large traffic 
passing between London and Southwark, Mr. Rennie held 
that not the least advantage which it promised was the 
much greater facility which it would afford for the navi- 
gation of the river to and from the wharves above bridge ; 
for coasters and even colliers, by striking their masts, 
might then be enabled to navigate the whole extent of 
the City westwards. The increased waterway would also 
enable the waters descending from the interior to flow- 
more readily away, floods often inflicting great damage 
along the upper shore, especially in the winter months, 
when the arches of the old bridge had become choked up 
with ice. 

The report was felt to be almost concluave on the sub- 
ject ; and the more it was discussed the deeper grew the 
conviction in the minds of all concerned, that its recom- 
mendations ought to be adopted. The Corporation accord- 
ingly applied to Parliament, in the year 1821, for an Act 
enabling them to purchase the waterworks under the 
arches of the old bridge, and to erect an entirely new 
structure. THe bill, of course, had its opponents; some 
arguing that there was no necessity for a new bridge, and 
that its erection would be only a useless waste of money, 
whilst the old one could be repaired and made fit for 
traffic at so much less outlay. 

The case in favour of the new bridge was, however, too 
strong to be resisted, and Mr. Bonnie's evidence was con- 
sidered so clear and conclusive that committees of both 
Houses unanimously approved the bill, and it duly received 
the sanction of Parliament. Power was conferred by the 
Act, enabling the Treasury to advance from the Consoli- 
dated Fund such sums as might be necessary to supply- 
any deficiency in the funds at the disposal of the Cor- 
poration applicable to the erection of the bridge; the 
Government regarding the work as one of national im- 
portance, and consequently entitled to national assistance. 
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During the progress of the bill thi'oii|,h Parliament, 
Mr. Beunie prepared the general outliueB of a design 1'ot 
the new structure. It consisted of five aemi-elliptical 
arches, the centre one 150 I'eet span, the two side arches 



140 feet, and the two land arches 130 feet, making a total 
lineal waterway of 690 feet ; the height of the soiEt or 
under-side of the centre arch being 29 feet 6 inches above 
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the level of Trinity high-water mark. The general prin- 
hiplo of tluB design was approved and embodied in the 
Ijill. Very shortly after the Aot had paeaed, Mr. Bennie 

waa seized by the illneeg which carried turn 

off, and it was aeoordingly left to others to 
execute the great work which he had thus 
planned. 

The Corporation of London then appealed 
to the whole engineering and architectural 
world for competitive designs, and at least 
thirty were prepared in answer to their 
call. These were submitted to a Committee 
of the House of Commons in the year 1823, 
and after long consideration the plan ori- 
ginally proposed by Mr. E«nnie was finally 
adopted ; on which the Corporation of Lon- 
don selected his son, the present Sir John 
Bennie, as engineer in chief, to carry it into 
effect ; and the nomination having been 
approved by the liOrda of the Treasury, in 
conformity with the provision of the Act, 
8t«ps were forthwith taken to proceed with 
the work. 

It is scarcely necessary to say how ad- 
mirably Mr. Bonnie's noble design has been 
executed. New London Bridge, in severe 
simplicity and unadorned elegance of design 
— in massive solidity, strength, and per- 
fection of workmanship in all its parts — 
not less than as regards the capacious size 
of its arches and the breadth and width of 
irt!!um'Br^dE& '^ roadway and approaches — is perhaps the 
finest work of its kind in the world.* 



.^ 



* The new bridge was erected | volved the conBtmction of ne* 
about thirty yaxde highei up the apprtnchet on Wh siden. Tha 
tiver than the old one, and in- | uet cofibr-dam was put iu oti the 
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It wiU be observed from the preceding chapters, that 
Mr. Rennie*s life was one of constant employment, and that, 
apart from his great engineering works, his career con- 
tains but few elements of biographic interest. Indeed his 
works constitute his biography, occupying, as they did, 
almost his entire life, and nearly the whole of his time. 
His personal wants were few ; his habits regular ; and his 
pleasures of the most moderate sort, — consisting chiefly in 
reading and in the enjoyment of domestic life. At the 
age of twenty-nine he married Miss Mackintosh, an Inver- 
ness lady. She made his home happy ; and he became the 
father of nine children, six of whom survived him. In 
the early part of his career in London he lived in the 
Great Surrey Eoad, from which he afterwards removed 
to Stamford Street, not far from his works. 

His close and often unremitting application early began 
to tell upon his health. In 1812, when arrived at the age 
of fifty-one, he was occasionally laid up by illness. While 
occupied one day in inspecting the works of Waterloo 



Southwark side, and the first pile 
was driven on the 15th of March, 
1824; the foundation stone was 
laid with great ceremony by 
H.R.H. the Duke of York, on the 
15th of June, 1825, assisted by the 
Lord Mayor (Garrett), the Alder- 
men, and Common Council. The 
bridge was finally completed and 
formally opened by His Majesty 
. King William the Fourth, on the 
Ist of August, 1831 — the time 
occupied in its construction having 
been seven years and three months. 
The total cost of the bridge and 
approaxjhes was about two millions 
sterling. All the masonry below 
low water is composed of hard 
sand-stone grit, from Bramley 
Fall, near Leeds ; and the whole 
of the exterior masonry above 
low water is of the finest hard 
gray granite, from Aberdeen, 



Devonshire, and Cornwall. The 
actual width of the arches as 
executed is as follows : the centre 
arch is 152 feet 6 inches span; 
the two arches next the centre 
are 140 feet; and the two land 
arches 130 feet. The details of 
construction of the cofifer-dams, 
piers, and floating and fixing the 
centres, were similar to those 
adopted by Mr. Rennie in building 
Waterloo and Southwark bridges. 
The total length of the bridge is 
1005 feet ; width from outside to 
outside, 56 feet; width of the 
footpaths, 18 feet; and of the 
carriage-way, 35 feet. The total 
quantity of stone built into the 
bridge is 120,000 tons. The 
builders were Messrs. Joliffe and 
Banks, the greatest contractors of 
their day. 

2 B 2 
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Bridge, he accidentally set his foot upon a loose plank, 
which tilted up, and he fell into the water, but happily 
escaped with only a damaged knee. Though unable for 
some time to stir abroad, he seized the opportunity of pro- 
ceeding with the preparation of numerous reports, and of 
working up a long lee- way of correspondence. 

In the following year he was frequently confined to the 
house by a supposed liver-complaint ; but his correspon- 
dence never flagged. He tried the effects of change of air 
at Cheltenham ; but he had no time for repose, and after 
the lapse of only a week he was again in harness, giving 
evidence before a Committee of the House of Commons on 
Lough Erne drainage. He made another hurried visit to 
Cheltenham, but evidently took no rest ; his absence from 
active business only affording him an opportunity for 
writing numerous letters to influential persons at the 
Admiralty on the subject of his grand scheme of the 
Northfleet Docks. To one of his correspondents we find 
him saying he was " better, though only half a man yet." 
In course of time, however, he partially recovered, and 
was forthwith immersed in business — engaged upon his 
docks, bridges, and breakwaters. 

He very rarely "took play." In 1815 his venerable 
friend James Watt, of Birmingham, urged him to pay a visit 
with him to Paris, shortly after the battle of Waterloo, 
But Mr. Eennie was too full of work at the time to accept 
the invitation, and the visit was postponed until the 
following year, when he was accompanied by James 
Watt, jun., then of Aston Hall, near Birmingham. This 
journey was the first relaxation he had taken for a period 
of thirty years ; yet it was not a mere holiday trip, but 
partly one of business, for it was his object to inspect with 
his own eyes the great dock and harbour works executed 
by Napoleon during the Continental war, of which he had 
heard so much; and to gather from his inspection such 
experience as might be of use to him in the improvement 
of the English dockyards on which he was then engaged. 
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The two set out in September 1816, passing by Dover 
to Calais and thence to Dunkirk, where Mr. Bennie care- 
fully examined the jetties, arsenal, docks, and building- 
slips at that port. From thence they proceeded to Ostend, 
and afterwards to Antwerp, where our engineer admired 
the great skill and judgment with which the dock works 
there, still incomplete, had been laid out. From Antwerp 
they went to Paris, where they stayed only two days, and 
then to L'Orient and Brest, accompanied by Mr. Joliffe, 
the contractor. At both these ports, Mr. Bennie took 
careful notes of the depths, dimensions, and arrangements 
of the harbours in detail, — receiving every attention from 
the authorities. 

At Cherbourg, in like manner, he examined the build- 
ing-yards and docks, as well as the progress made with 
the famous Digue* — a rival to his own Breakwater at 
Plymouth. At Cherbourg he was joined by Mr. Whidbej', 



* The Digue is of considerably 
greater extent than the break- 
water at Plymouth, being above 
21 English miles long. Up to the 
time of Mr. Rennie's visit, the 
work had been a series of attempts 
and failures, which, however, 
eventually produced experience, 
and led to success. Wooden cones 
filled with small stones were first 
tried; they were sunk so as to 
form a sea rampart ; but the cones 
were shattered to pieces by the 
force of the waves, and the stones 
w^ere scattered about in the bottom 
of the sea. Then loose rubble- 
stones were tried ; but the blocks 
were too small, and these, too, 
were driven asimder. Larger 
blocks were then used ; but, for a 
time, the smaller stones beneath 
acted as rollers to the larger ones. 
At length, however, these found 
their bearing, and when Mr. Ben- 
nie visited the place, the slope 
iotwed by the sea-ridge of rubble 



was as much as 11 to 1. This 
greatly increased the contents of 
the breakwater, while its stability 
was not much to be depended on. 
Many accidents occurred to the 
work, and several extensive 
breaches were made through it 
by the force of the sea. At low 
water the height of the Digue was 
at some parts only three feet ; at 
others, considerably more; where- 
as, in some places, the top of the 
work was from seven to eight feet 
below low water of spring tides. 
At length, after many years' 
labour and vast expense, the work 
has been brought to completion ; 
and it now forms a very excellent 
defence for the fine war roadstead 
and arsenal of Cherbourg, greatly 
exceeding the humble dimensions 
which it presented when Mr. 
Rennie visited the place. The 
whole cost of the works amounted 
to upwards of seven millions 
sterling. 
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who had come over in a vessel of war to meet him. Mr. 
Rennie returned to England after less than a month's 
tour ; and though he had made a labour of his pleasure- 
trip, the change of air and scene did him good, and he 
entered with zest upon the business of clearing off the 
formidable arrears of work which had accumulated during 
his absence. We may add, as an illustration of his habit 
of turning everything, even his pleasure, to account, that 
one of the first things he did on his return home was to 
make an elaborate report to Lord Melville, then First 
Lord of the Admiralty, of the results of his investigations 
of the foreign harbours which he had visited in the 
course of his journey. 

After a few years' more devoted application, his health 
again began to give way. When consulted by Mr. Fol- 
jambe of Wakefield, in June 1820, respecting a railway- 
proposed to be laid down in that neighbourhood, he ex- 
cused himself from entering upon the business, because he 
was so full of work, and his health was so delicate. 
Shortly after we find him writing to a friend that the neiv 
works executed by him during the past year had cost 
about half a million, besides those in progress at Sheemess, 
which would cost a million. He was then busy with his 
investigations relative to New London Bridge, the report 
on which he prepared while laid up with an attack of 
gout. He persisted in going abroad as long as he could, 
and went to his doctor in a carriage for advice, instead of 
letting the doctor come to him. But his resistance, how- 
ever brave, was useless against disease, and at length he 
was compelled to succumb. 

To the last, he went on issuing instructions to his 
inspectors in different parts of the country relative to the 
works then in progress — the docks at Chatham and Sheer- 
ness, the harbours at Howth and Kingstown, the bridge at 
New Galloway, the Eau Brink Cut, the Aire and Calder 
Navigation, and the pumping-engines for Bottesham and 
Swaffham, in the Fens. He was especially anxious about 
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the Eau Brink Cut, nearly ready for opening, urging his 
assistants to report to him from time to time, giving full 
particulars of the progress made. In the midst of all this, 
he writes a letter to a harbour-master at Bridlington, 
giving him detailed instructions as to the arrangement of 
tide tables ! His last business letter was written to the 
Navy Board respecting the proper kind of gates to be 
used for the dry dock at Pembroke : it was dated the 28th 
September, 1821. A little before this he had written to 
his friend Mr. Jerdan, the Edinburgh engineer, that he 
had completed all business connected with his preparation 
for the next session of Parliament, when he had many bills 
to carry through. 

But how often are the intentions of the bravest defeated I 
Day by day he grew weaker, struggling with the whole 
force of his will against the disease that was slowly 
mastering him. Although extremely ill, he insisted on 
rising from his bed, and tottered about, even taking an 
occasional airing in a carriage. In this state he continued 
until the 4th of October. On that day he did not get up. 
His mind had until then been as clear and vigorous as 
ever ; but now, it began to wander. There was no resist- 
ing the hand of death, which was already upon him. He 
took no further heed of what passed around him, and 
about five in the evening, he was seized by a fit of 
paralysis, from which he never rallied. About an hour 
later he expired, in the sixty-first year of his age. 

The portrait prefixed to this memoir expresses, so far as 
an accurate delineation of his features can do, the actual 
character of the man. It is grave and thoughtful, yet 
has an expression of mildness perfectly in unison with 
his gentle yet cheerful disposition. Kaebum painted his 
portrait, and Chantrey chiselled his bust ; but the chalk 
drawing by Archibald Skirving,* after which our en- 



♦ Archibald Skirving, like John 
Bennie, was the son of an East 



Lothian farmer. He was born in 
1749, at Garleton, a farm belonging 
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graving is made, is on the whole the most lifelike repre- 
sentation of the man as he lived. In person he was large, 
tall, and commanding ; and strength was one of the attri- 
butes belonging to his family. 

But physical endurance has its limits, and we fear that 
Mr. Rennie taxed his powers beyond what they would 
fairly bear. He may be said to have died in harness, in 
the height of his fame, after threescore years, forty of 



to the Earl of Wemyss. His 
father, Adam Skirving, was a 
well-known humorist and ballad- 
maker — one of his songs, ' Hey, 
Johnny Cope,* a description of the 
rout of the royal army at the 
battle of Prestonpans, being still 
popular in Scotland. In early 
life Archibald went to Eome' to 
study art, and remained in Italy 
nine years. He walked back the 
whole way from Eome, but, passing 
through France, the revolutionary 
war broke out, when he was ap- 
prehended and thrown into prison, 
where he lay for nine months. 
He subsequently studied painting 
under David. Returned to Scot- 
land, he pursued his art in a 
somewhat desultory manner, not 
being under the necessity of ap- 
plying himself to it with that 
patient and continuous devotion 
which is essential to attaining 
high eminence in any profession. 
He painted when, where, and 
whom he pleased ; and sometimes 
pursued a very singular course 
with his sitters. Notwithstanding 
his eccentricity, Skirving was an 
extremely clever artist, and his 
crayon drawings have rarely been 
surpassed for vigour and brilliancy. 
He executed probably the best 
head of Bums the poet, with whom 
he was intimate ; and the portrait 
of John Bennie, which Mr. Holl 



has rendered with great skill, will 
give a good idea of Skirving's 
power as a delineator of character. 
Skirving 9,nd Rennie were inti- 
mate friends, although in most 
respects so unlike each other. 
Yet Skirving had as true a ge- 
nius; and might have secu^d 
as great a reputation in his own 
walk as his friend Rennie, had he 
worked as patiently and indus- 
triously. As he grew older, he 
became more eccentric and sar- 
castic. He dressed oddly, in a 
broad-brimmed white hat, without 
any neckcloth. Allan Cunning- 
ham relates the story of Skirving*s 
calling on Chantrey while he was 
finishing the bust of Bird, the 
artist. " Well ! — and who is 
that?" asked Skirving. "Bird, 
the eminent painter." "Pain- 
ter! — and what does he paint?" 
" Ludicrous subjects. Sir." " Lu- 
dicrous subjects ! — Have you 
sat?" "Yes — he has had one 
sitting ; but when he heard that 
a gentleman with a white hat, 
who wore no neckcloth, had ar- 
rived from the North, ho ^aid, 
* Go — go ; I know of a subject 
more ludicrous still : Skirving is 
come ! ' " This odd, but clever 
artist died at Inveresk, near Edin- 
burgh, in 1819, at the advanced 
age of seventy. 
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which had been spent in hard work ; still his death was 
premature, and in the case of a man of such useful gifts, 
it was much to be lamented. He himself held that life 
was made for work ; and he could never bear to be idle. 
Work was with him not only a pleasure, — it was almost a 
passion. He sometimes made business appointments at as 
early an hour as five in the morning, and would continue 
incessantly occupied until late at night. It is clear that 
the most vigorous constitution could not long have borne 
up under such a tear and wear of vital energy as this. 

He was very orderly, punctual, and systematic, and 
was hence enabled to get through such an enormous 
amount of business. No matter how numerous were the 
claims upon his time, nothing was neglected nor hurried. 
His reports were models of what such documents should 
be. They set forth all the facts bearing upon the topic 
under consideration, in great detail ; but with much plain- 
ness, force, and clearness. His harbour reports were espe- 
cially masterly ; in them he elaborately stated all the 
known facts as to the prevailing winds, currents, and tides, 
usually drawing very logical and conclusive inferences as 
to the particular plan which, under the circumstances, he 
considered it the most desirable to adopt. In his estimates 
he was careful to conceal nothing, stating the full sum 
which in his judgment the work under consideration would 
cost ; nor would he understate the amount by one farthing 
in order to tempt projectors to begin any undertaking on 
which he was consulted. 

He took the highest ground in his dealings with con- 
tractors. He held that the engineer was precluded by his 
position from mixing himself up with their business, and 
that if he dabbled in shares or contracts, either openly 
or underhand, half his moral influence was gone, and his 
character liable to be seriously compromised. Writing to 
Playfair at Edinburgh, in 1816, he said — "Engineers 
should be entirely independent of these connections — not 
dabblers in shares — and free alike of contractors and 
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contracts." By holding scrupulously to this course, Mr. 
Kennie established a reputation for truthfulness, honesty, 
and uprightness, not less honourable and exalted than his 
genius ha an architect and an engineer was illustrious. 

He was a man of powerful and equally balanced mind — 
not so clever, as profound ; not brilliant, but calm, serene, 
and solid, like one of his own structures. While he lay 
on his deathbed, his last letters to his assistants urged 
upon them attention, punctuality, and despatch — qualities 
which he himself had illustrated so well in his own life. 
In his self-education he had , overlooked no branch of 
science cultivated in his day; and in those which bore 
more especially upon his own calling, his knowledge was 
well-arranged, complete, and accurate. 

Withal he was an exceedingly modest, unpretending, 
and retiring man. His great aim was to do the thing he . 
was appointed to do in the best possible manner. He 
thought little of fame, but a great deal of character and 
duty. If his time was so entirely pre-occupied that he 
could not personally devote the requisite attention to any 
new undertaking brought before him, he would decline to 
enter upon it, and recommended the employment of some 
other leading engineer. He considered it his duty himself 
to go into the minutest details of every business on which 
he was consulted. He left as little as possible to subordi- 
nates, making his calculations and estimates himself ; and 
he wrote and even copied his own reports, perhaps im- 
proving them in the copying ; deeming no point, however 
apparently unimportant, beneath his careful attention and 
study. 

Hence great reliance was placed upon his judgment by 
those who consulted him ; and the accurate though com- 
paratively reserved manner in which he expressed himself 
before Committees of Parliament, gave all the greater 
weight to his evidence. " What I liked about Kennie," 
says one who knew him well, " was his severe truthful- 
ness." When under examination on such occasions, he 
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could always give a strong clear rea-son, in support of any 
scheme he recommended, based upon his own careful 
preliminary study of the whole subject. But when asked 
any question outside the line of his actual knowledge, he 
had the honesty to say at once, " I do not know." He 
would not guess nor attempt to give ingenious answers 
to show his cleverness, nor act the special pleader in the 
witness-box, but confine himself solely to what he posi- 
tively knew. 

In the course of his professional career, Mr. Rennie ex- 
perienced the great advantage which he had derived from 
his early training as a millwright. His practical know- 
ledge enabled him to select the best men to carry out his 
designs, and he took pride and pleasure in directing them 
how to do their work in the most eflficient manner. His 
manufactory wagf indeed a school, in which some of the 
best mechanics of the day received a thorough training in 
machine work ; and many of his workmen, like himself, 
eventually raised themselves to the rank of large em- 
ployers of skilled labour. Mr. Rennie was never ashamed 
to put his hand to any work where he could teach a lesson 
or facilitate despatch, and to the end of his career he 
continued as " handy " as he had been at the beginning. 

A curious illustration of his expertness at smith-work 
occurred during a journey into Scotland, when on his way 
to visit the Earl of Eglinton at Eglinton Castle. He 
went by the stage-coach, in company with some Ayrshire 
farmers and one or two rather important " Paisley boddies." 

When travelling over a very bad piece of the road, the 
jolting was such as to break the axletree of the coach, and 
it came to a stand on a solitary moor, with not a house in 
sight. Mr. Rennie asked the coachman if there was any 
blacksmith near at hand, and he was told there was one a 
mile or two off. " Well, then, help me to carry the parts 
of the axle there, and 111 see to its being mended." The 
blacksmith, however, was not at home ; but Mr. Rennie 
forthwith lit the forge fire, blew the bellows, and with 
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the rather clumsy assistance of one of his fellow-passengers, 
he very soon welded the axle in a workmanlike manner, 
helped to carry it back to the coach, and after the lapse of 
a few hours the vehicle was again wheeling along the 
road towards its journey's end. 

Mr. Eennie's fellow-passengers, who had been communi- 
cative and friendly during the earlier part of the journey, 
now became very reserved, and the " boddies " especially 
held themselves aloof from " the blacksmith," who had so 
clearly revealed his calling by the manner in which he 
had mended the broken axle. Arrived at their journey's 
end for the day, the travellers separated ; Mr. Kennie pro- 
ceeding onwards to Eglinton Castle. Next morning, when 
sitting at breakfast with his noble host, a servant entered 
to say that a person outside desired to have a word with 
the Earl. "Show him in." The person entered. He 
proved to be one of Mr. Kennie's fellow-travellers ; and 
great indeed was his surprise and confusion at finding the 
identical blacksmith of the preceding day, breakfasting 
with " my Lord " ! The Earl was much amused when 
Mr. Kennie afterwards described to him the incident of 
the mending of the broken axle. 

One of his few hobbies was for old books ; and if he 
could secure a few minutes' leisure at any time, he would 
wander amongst the old book-stalls in search of raro 
volumes. Froissart's and Monstrelet's * Chronicles ' were 
amongst his favourites, and we find him on one occasion 
sending a present of duplicate copies to his friend Whidbey, 
accompanied with the wish that he might derive as much 
pleasure from their perusal as he himself always did from 
reading " honest John Froissart." He also commissioned 
his friends, when travelling abroad, to pick up old books 
for him ; and in 1820 we find him indulging his " extra- 
vagance," as he termed it, so far as to request Sir William 
JoUiflFe to bring SOOl. worth of old books for him from 
Paris. 
Although Mr. Eennie realized a competency by the 
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pi act ice of his profession, he did not accumulate a large 
fortune. The engineer was then satisfied with a com- 
paratively moderate rate of pay, very different from the 
slashing charges of modem railway engineers. 

We do not wonder that Mr. Kennie complained of the 
small remuneration of 350/. awarded to him by the Kennet 
and Avon Canal Company for constructing their canal 
works ; and we are surprised to find his bill against the 
Manchester Waterworks Company for his year and-a-half s 
advice and service, amounting to only 159Z, 7«., his pharge 
to them for a whole day's labour being only six guineas, 

Mr. Eennie's charge of seven guineas for an entire day's 
work, was afterwards objected to by General Brownrigg, the 
head of the Ordnance Department. " Why, this will never 
do," said the General, looking over the bill; "seven guineas 
a-day ! VV hy, it is equal to the pay of a Field Marshal !" 
" Well," replied Mr. Kennie, " I am a Field Marshal in 
my profession ; and if a Field Marshal in your line had 
answered your purpose, I suppose you would not have sent 
for me!" "Then you refuse to make any abatement?" 
"Not a penny," replied the engineer; and the bill was 
paid. 

Mr. Eennie was blamed in his time for the costliness of 
his designs, and it was even alleged of him that he carried 
his love of durability to a fault. But there is no doubt 
that the solidity of his structures proved the best economy 
in the long run. Elevated by his genius and his con- 
scientiousness above the thoughts of immediate personal 
gain, no consideration would induce him to recommend or 
countenance in any way the construction of cheap or 
" shoddy " work. 

He held that the engineer had not merely to consider 
the present but the future, in laying down and carrying 
out his plans. Hence his designs of docks and harbours 
were usually framed so as to be capable of future exten- 
sion; and his bridges were built not only for his own 
time, but with a view to the uses of generations to come. 
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In fine, Mr. Rennie was a great and massive, yet a 
perfectly simple and modest man ; and thougli his engineer- 
ing aohievements may in some measure have been for* 
gotten in the eulogies bestowed upon more recent works, 
they have not yet been eclipsed, nor indeed equalled ; and 
his London bridges — not to mention* his Docks, Harbours, 
Breakwaters, and Drainage of the Fens — ^wiU long serve 
as the best exponents of his genius. 

The death of this eminently useful man was felt to be 
a national loss, and his. obsequies were honoured by a 
public funeral. His remains were laid near those of Sir 
Christopher Wren in St. Paul's Cathedral, the dome of 
which overlooks some of his greatest works. 
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Abbets in Scotland, 187. 
Aberdeen Harbour, 159 ; Bridges at, 

187. 
Agriculture in East Lothian, 186; 

its improvement, 191, 201. 
Aire navigation, 137. 
Air-pumps, Smeaton's improvements 

in, 94. 
Albion Mills, 218, 221, 224, 228. 
Antoninus's Wall, 145 (note). 
Aqueduct, Limpley Stoke, 233. 

, Lune, 237. 

Arch, theory of Equilibrium of the, 

260 ; arching of Waterloo Bridge, 

269 ; of Southwark, 280. 
Arch-pirate of Hebrides, 9 (note), 
Artizans of Birmingham, 220. 
Austhorpe Lodge, Smeaton's House, 

86, 88, 141, 162, 164. 
Avignon Bridge, 51. 
Avon, the, .10, 50. 
Axholme Drainage, 139. 

• 

Banff Bridge, 148. 

Banks, Sir Joseph, a fen- drainer, 
243. 

Barley Mills introduced into Scot- 
land, 199. 

Beacons and Lighthouses, 25. 

Bedford Level, 256. 

Bell Diving, 324-8. 

Bell Rock Lighthouse, 284; de- 
signed by Rennie, 287; assisted 
by Stevenson, 288; building of, 
292. 

Birmingham, Rennie*s visit to, 217, 
219. 



BRISTOL. 

Blackfriars Bridge, 70. 

Blankney Fen, Lincolnshire, former 
dreariness of, 241. 

Blowing apparatus at Carron, 147. 

Boston, Rennie's plan for improve- 
ment of, 253 ; bridge at, 265. 

Boulogne, Pharos at, 27. 

Boulton and Watt, Soho, 217, 221, 
295. 

Bow Bridge, 49. 

Breakwater, Plymouth, 347-359. 

Bridge foundations, 56, 61, 69. 

Bridges, Old, 39; on Dartmoor, 
40 ; Roman, 44 ; Winchester, 45 ; 
Croyland, 46; Stratford, 47; 
Bow, 48; Bristol, 50; Kirklr)r- 
Lonsdale, 51 ; Burton, 51 ; Nor- 
wich, 51 ; Leeds, 52 ; Wade, 52 ; 
Rochester, 44, 52 ; Bishop Auck- 
land, 53; Wakefield, 54; Droit- 
wich, 54 ; Ouse, 55 ; Monmouth, 
55 ; Llanrwst, 57 ; London, 44, 54, 
59-67, 140, 366 ; Westminster, 
67 ; Battersea, 69 ; Blackfriars, 
70. 

, Modem. — Blackfriars, 70 ; 

Perth, 143; Coldstream, 145; 
Banff, 149; Hexham, 151; 
Rennie's first bridge, 219; Kelso, 
262 ; Musselburgh, 263 ; Boston, 
265 ; Waterloo, 267 ; Southwark 
277 ; New London, 366. 

-, in Wales, 77-82 ; Scotland, 



186. 

Bndge-building, theory of, 260. 
Bristol. — Her early commerce, 2, 10 ; 

Hogs, 10, 154; Channel ferries, 
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BBITISH. 

23; Briegstow, 50; Bdstol Old 
Bridge, 139. 

British Channel, Lighting of, 132. 

Brothers of the Bi Hge, 61, 187. 

Broomielaw, Glasgow, Rennie's pro- 
posed improvements at, 310. 

Brownrigg, General, and Mr. Rennie, 
381. 

Burgh Schools, Scotland, 189. 

Burton Bridge, 51. 

Caerphillt Castle, studied by Ed- 
wards, 76. 

Canals.---Calder, 137 ; Forth and 
Clyde, 144 ; Kennet and Avon, 
232; Rochdale, 233; Lancaster, 
236; Grand Trunk, 238; Royal 
Canal of Ireland, 238. 

Canute's Ditch at Dockhead, 60, 61. 

Carron Iron-works, 147. 

Caiit-iron Bridges. — Rennie*s pro- 
posed bridge over Menai Straits, 
264; Boston, 265; Southwark, 
277. 

Catchwater Di'ains, Rennie's system 
of, 247. 

Centering of Waterloo Bridge, 
272. 

Channel, lights in the English, 
131. 

Charleston Harbour, 322. 

Chatham Dockyard, 344. 

Cherbourg, Digue at, 373, 

Ciayhole, Boston, 253. 

Clyde Navigation, 310, 320. 

Coal, prejudice against, 16 ; Light- 
houses, 34, 286. 

Coast Defences, 329 

Cob, Lyme Regis, 11. 

Cock, Roman bridge on the, 44. 

Cockburn, Mr., East Lothian agri- 
culturist, 202. 

Coffer-dams, Waterloo Bridge, 271 ; 
Southwark Bridge, 278 ; Great 
Grimsby, 313 , Sheerness, 343. 

Coldstream Bridge, 145. 

Colquhoun, on traffic of the Thames, 
299. 



EAST. 

'Comet,' first steamboat built for the 

Navy, 365. 
Commerce of England, 1, 136, 223; 

of the Thames, 298. 
Cordouan, Tour de, 37. 
Cowsic Bridge, Dartmoor, 43. 
Croyland Bridge, 46. 

Dartmoor Bridges, 40. 
Dashkoff, Princess, 171. 
Defence of the Coast, 329. 
Deptford Dockyard, 334. 
Derwentwater estates, Smeaton re- 
ceiver of, 135. 
« Devil's Wind " introduced, 200. 
Digue, Cherbourg, 373. 
Diving-bell, Smcaton's employment 

of it, 158. 
f Rennie's improvements, 

324. 
Dixon, Mrs., Smeaton's daughter, 

171, 175, 176. 
Docks, at Liverpool, 15, 309; on the 

Thames, 16, 298-308 ; Hull, 319. 
Dockyards, Royal, their economy, 

332, 340 (note), 332-46. 
Dogdyke Parish, Lincolnshire, 241. 
Dover Harbour, 11, 12 ; and 

Boulogne voyage, 20-22. 

, Phai'os at, 28. 

Downham Eau, drained, 255. 
Drainage, works of, Smeaton*s 

137-9 ; Rennie's, 240-58. 
Drake,. Sir F., 2, 4, 6. 
Drcdging-machine, invented by 

Rennie, 319. 
Droit wich Bridge, 54. 
Drowned lands in the Fens, 240, 

255. 
Drummond, Mr. Home, 210. 
Dunbar Grammar School, Rennie 

at, 196. 
Dungeness Lighthouse, 32. 
Dutch enterprise, 4. 



East Fen, Lincolnshire, 

249-52. 
East India Docks, 306. 
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East Lothian, noticss of, 183-212. 
Eau Brink Cut, 255-7. 
lixiucation, Scotch, 189. 
likldystone Lighthouse, 36, 84 ; Win- 

stanley's, 99; Rudyerd's, 103; 

Smeaton's, 110. 
Edwards, William, bridge-builder, 

a stonemason, 73 ; builds forges, 

75; builds Pont-y-Pridd, 77; 

its merits described by Rennie, 

268 (note). 
Engineering in Scotland in 1761, 

186. 
English Piracy, 1, 6 ; Commerce 

(see Commerce); Docks (see 

Docks). 
Eyemouth Harbour, 160. 

Fanners introduced into Scotland, 

199. 
Feus, drainage of, in Lincolnshire, 

137, 240-58. 
Fen-slodgers, 241, 242 (note). 
Ferries, travelling by, 22. 

at London, 59. 

Fielding's * Voyage to Lisbon,* 20. 
Fletcher of Saltoun, 186, 199. 
Ford, Old, 47. 
Fords, 39. 

Foreign Company of Merchants, 1. 
Forth and Clyde Canal, 144. 
Fossdyke, Lincolnshire, 138. 
Foundations of Bridges, 5G, 61, 69. 
Fulton's Steamboat, 231 ; Torpedo, 

331. 

QiBSON, Dunbar School, 196. 
Glasgow, bridge at, 188. 
Grammar Schools, Scotland, 189. 
Grand Trunk Canal, 238. 
Great Level of the Fens, 254, 
Greenland Dock, 16, 302. 
Grimsby Harbour, 312. 

Hall, Capt. Basil, on Bell Rock, 
285. 

, the Fen Poet, 241. 

Harbours, early English, 11 ; at St 

II. 



EAIME8. 

Ives, 152; Ramsgate, 154, 324; 
Eyemouth, 160; Wick, 310 
Clyde, 311; Torquay, 312 
Grimsby, 312; Holyhead, 313 
Kingstown, 318; Howth, 313 
Hull, 319. 

Harbour Construction, Rennie's 
principles of, 321. 

Hartley, Jesse, C.E., 309 (tiote). 

Hebrides, Arch-pirate of, 9 (note). 

Hexham Bridge, 151. 

Hindley and Smeaton, 91. 

Hobhole Drain, 250. 

Hoe, Plymouth, 126. 

Holderness, Hull, 254. 

Hollow walls, 313, 342 (note). 

Holmes and Smeaton, 89, 91, 169, 
179. 

Holyhead Harbour, 313. 

Horncastle, Fens near, 241. 

Houston Mill, 194, 201, 216. 

Howth Harbour, 318. 

Huddart, Capt., 361. 

Hull Docks, 319. 

Hythe Military Canal, 330. 

Implements of Early Scotch Hus- 
bandry, 189. 

Inchcape Rock, 284. 

India Docks, West, 302. 

, East, 306. 

Inland Navigation. See Canals. 

Invergowrie Mills, 213. 

Ireland, Canals in, 238. 

Iron Bridges : Boston, 265 ; South- 
wark, 277. 

in millwork, 227 ; in roofing, 

307 (note). 

Ives, St., Harbour, 152. 

Jessop, Josias, 114. 

, William, 303. 

Johnson, Dr., on Black friars Bridge, 
71. 



Kaimes, Lord, on Scotch Agricul- 
tare, 189, 210. 

2 o 
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KELBO. 

Kelso Bridge, 262. 

Kennet and Avon Canal, 232. 

Kincardine Moss, washed away by 
Meikle, 209. 

King*^ Lynn, 255. 

Kingstown Harbour, 318. 

Kinluch, Mr., and the thrashing- 
machine, 205. 

Kirkby-Lonsdale Bridge, 51. 

KnoUes, Sir Robert, and Rochester 
Bridge, 53. 

Knox, John, and popular schools, 
190. 

Kyme, South, in the Fens, 241. 

Labelte, builder of Westminster 
Bridge, 69 ; repairer of London 
Bridge, 140, 154. 

Lancaster Canal, 236. 

Lang, Oliver, designs the first 
steamboat for Royal Navy, 365. 

Lathe, Smeaton*s Turning-, 167. 

Lea, River, Bridges over, 47, 48; 
Defence of London by, 329. 

Leeds, Bridge, 52; towa of, 86; 
Smeaton at Grammar School, 89. 

Lighthouses, 25 ; Roman, 26 ; at 
Boulogne and Calais, 27 ; Whitby, 
28 ; Northmen's, 30 ; Dungeness, 
32; Pitch-pot Lights, 33; Coal- 
fires, 34, 286 ; Political jobbing 
of, 35 ; Smalls Rock, 36 ; Skerries, 
36 ; Rye, 36 ; Tour de Cordouan, 
37 ; Eddystone, .97 ; Spurn Point, 
161 ; the Bell Rock, 284. 

, Eddystone, 36, 84; 

Winstanley*s,99; Rudyerd*s,103; 
Smeaton's, 110. 

Lighting of the English Channel, 
131. 

Limpley Stoke Aqueduct, 233. 

Lincolnshire Fens, Smealon's em- 
ployment on, 137 ; Reniiie's, 240- 
258. 

Linton, East, 183. 

Liverpool, town of, 2 ; docks at, 10, 
15, 309. 

LIanwr«t Bridge, 57. 



lULITAllf. 

Loch, Mr., RepoH on Rennie in his 
boyhood, 197. 

London, early commerce of, 2 ; in 
1785, 222 j docks of, 302. 

, Old Bridge, 44, 54 ; replac- 
ing a ferry, 60; bridge of wood. 
60 ; its rebuilder, 61 ; its founda- 
tions, 61-2 ; finished, 62 ; its 
description, 63 ; the houses over- 
hanging it, 64; its drawbridge, 
65 ; Smeaton's improvements in, 
141. 

-, New Bridge, 67, 366. 



Long Ferry to Gravesend, 19. 

Lostwithiel Church, 121. 

Lothian, East, roads in, 184 ; farm- 
ing of, 185, 202. 

Lune, Harrison's bridge over, 217 ; 
Rennie's aqueduct over, 237. 

Lyme Regis Cob, 11. 

Macclesfield, Lord, on Smeaton, 
110. 

Machinery at Albion Mills, 226. 

Mail Coach, first, 223. 

Mariner's Compass, Smeaton*s im- 
provements in, 94. 

Marshland Fen and Drain, 25^. 

Mechanical Arts in Scotland, 188 ; 
advantages of Mechanical educa- 
tion, 196, 379. 

Med way, Rennie's proposed improve- 
ment of, 345. 

Meikle, Andrew, 194; Rennie ap- 
prenticed to, 196; a millwright 
at Houston Mill, 200; invent*^ 
the thrashing-machine, 205 ; the 
first machine, 207 ; improves 
windmills, 209 ; washes away the 
Kincardine Moss, 210 ; his me- 
chanical inventions, 211; his cha- 
racter, 211. 

Menai Strait, Rennie's proposed 
Bridge over, 264. 

Mills, Smeaton's paper on, 94; 
erected by Smeaton, 162 ; by 
Rennie, 213, 224, 227, 329, 332. 

Military Canal, Hythe, 330. 
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Mint, Rennie's machinery at, 227. 
Monmouth Bridge, 65-6. 
Musselburgh Bridge, 263. 
Mylne, Engineer of Blackfriara 
Bridge, 71. 

Napoleon's opinion of Plymouth 

Breakwater, 354. 
Navy, Commercial, 2-6, 298. 

, Royal, 3 ; dockyards of, 333 ; 

stupidity of Naval Board, 365. 
Nene River, Wisbeach, 138 
Neuilly Bridge, 268 {note). 
Newbridge, Pont-y-Pridd at, 79. 
Newcastle, Roman bridge at, 44, 53. 
Newcomen's engine improved by 

Smeaton, 162. 
New London Bridge, 366. 
Nicholson, Peter, 212. 
Nore, Light at, 134. 
Norse Lighthouses, 30. 
Northfleet, Rennie's proposed docks 

at, 337. 
North Level Drainage, Smeaton*s 

Report on, 137 ; Rennie's Report 

on, 246. 
North-West Passage, 3. 
Norwich Bridge, 51. 

OusE, Rennie's improvement of, 
255. 

Outfalls, Rennie's drainage by im- 
proved, 246, 248, 250, 253 ; Eau 
Brink, 256. 

Overy, London Bridge, 59, 60. 

Oxenford (Oxford), 40. 

Paisley "Boddies," 379. 
Pari:>h Schools of Scotland, 189. 
Palmer's Mail Coaches, 223. 
Perry's Dock, Blackwall, 224, 320. 
Perth Bridge, 72, 143. 
Peter of Colechurch, 61. 
Pickemell, Resident Engineer of 

Hexham Bridge, 151. 
Piracy on the English Coast, 1-7. 
Phantagsie,183,192, 208, 213, 219. 
Pharos. See Lighthouse. 



KENNIE. 

Pitch-pot beacons, 33. 

Plunderers of goods on the Thames, 

299. 
Plymouth, 97 ; Hoe at, 127 ; dock- 

vard at, 334, 336 ; breakwater at, 

347. 
Pont-y-Pridd, Edwards's bridge at, 

79 ; Rennie's opinion of, 268. 
Pontyfract, Roman bridge at, 44. 
Portsmouth, Rennie's Report on, 

334. 336. 
Post Bridge, Dartmoor, 43. 
Prestonkirk School, 194-5. 
Prestonpans, field of, 203. 
Prince's Dock, Liverpool, 309. 
Pumping Engines, Smeaton's, 142, 

162. 

Quarantine Establishment, 332. 
Queensberry, Duke and Duchess of, 
174. 

Railways, Rennie and, 238. 

Raleigh's Piracy, 7. 

* Ralph the Rover,' Southey's ballad, 
284. 

Ramsgate Harbour, 154, 324. 

Rennie, John, birth and birthplace, 
183; the Rennie family, 192; 
John's love of construction, 1 94 ; 
his education, 195; apprenticed 
to Andrew Meikle, 196 ; sent to 
Dunbar School, 196 ; is offered 
the appointment of teacher, 198; 
begins business as a millwright, 
213 ; a student at Edinburgh 
College, 214 ; acquaintance with 
Professor Robison, 215; tour 
through England, 217 ; interview 
with James Watt at Birmingham, 
217; Rennie's first bridge, 218; 
Rennie at Birmingham, 219 ; 
Rennie in London, 222; at the 
Albion Mills, 224 ; Albion Mills 
burnt, 228 ; his workshops, 229 ; 
Rennie and Earl Stanhope, 230 ; 
constructs Kennetand Avon Canal 
232; Rochdale Canal, 233- Lan- 
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caster Canal, 236; Rojal Canal, 
Ireland, 238 ; Drainage of the Fens, 
240 ; Rennie's Bridges, 259 ; Pro- 
fessor Robison's visit, 259 ; Water- 
loo Bridge, 267; Blackfriars 
Bridge, 277 ; the Bell Rock Light- 
house, 284; Rennie*s Docks and 
Harbours, 298, 321; London 
Docks, 303, 3«04 ; Government 
works, 329; Plymouth Break- 
water, 347; Last Works, Death 
and Character, 360-82. 

Revesby Lodge, Sir Joseph Banks 
and, 244. 

Roads in East Lothian, 184; im- 
proved after 1784, 223. 

Robison, Professor, 215, 259. 

Rochdale Canal, 233. 

Rochester Bridge, Roman, 44; 
Mediaeval, 52. 

Roebuck, Dr., at Carron, 147. 

Roman Bridges, 44. 

Royal Canal, Ireland, 238. 

Navy, 3; dockyards, 333-46; 

steam-power in, 364. 

Rudyerd, John, builds a Lighthouse 
on the Eddystone Rock, 103; 
Lighthouse burnt down, 108. 

Saltoun barley, 200. 

Saviour's, St., Dock, 224. 

Scotland, Roads in, 184 ; Agricul- 
ture in, 185, 201 ; low state of 
Engineering and Mechanical Arts, 
186, 216. 

, Parish and Grammar 

Schools of, 189. 

Sea-coal, prejudice against use of, 16. 

Sea Fishing, Dutch, 5. 

Sheerness Docks, 340. 

Sheet-piling, 146. 

Shipping of the Thames, 2-9, 298. 

Shoemaker and the Royal Canal of 
Ireland, 239. 

Skerries Lighthouse, 36. 

Skirving, Archibald, portrait pain- 
ter, 375. 

Smalls Rock Lighthouse, 36. 



swithin's. 

Smeaton, John, boyhood and ednca* 
tion, 85 ; amusements, 89, 90 ; 
learns the trade of Mathematical 
Instrument-making, 92 ; reads 
Papers at Royal Society, 93; 
travels abroad, 95 ; builds a light- 
house on the Eddystone, 110; is 
nearly drowned, 119; Smeaton 
on the Hoe, 127 ; the Lighthouse 
finished, 130 ; appointed Receiver 
of the Derwentwater Estates, 
135 ; extensively employed as 
Engineer, 136 ; his drainage- 
works, 139 ; improves Old London 
Bridge, 140 ; erects Perth Bridge, 
143 ; Forth and Clyde Canal, 144; 
erects Coldstream Bridge, 145 ; 
his works at Carron, 147 ; Banff 
Bridge, 148; Hexham Bridge, 
151; improves Ramsgate Har- 
bour, 154; Eyemouth Harbour, 
160; improves Steam-engine, 162 ; 
private life, death and character, 
164-179 ; his burial-place, 180. 

Smollett's voyage to Dover, 21. 

Soho, Rennie's visit to, 217, 220. 

Southampton Harbour, Rennie's Re* 
port on, 320. 

Southwark Bridge, 277, 278-83. 

Spanish Armada, 4. 

Spurn Point Lighthouse, 161. 

Stangate Creek, Quarantine at, 332. 

Stanhope, Earl, 230; his steana- 
boat, 231. 

Steam-engine, Smeaton improves 
Newcomen's, 162 ; Watt's engine 
employed in driving machinery, 
225 ; used in Royal Navy, 364. 

SteepingsRiver,a catch water drain, 
254. 

Stephenson, Robert, his estimate of 
Smeaton, 177. 

Stevenhouse >fill. Bridge near, 219. 

Stevenson, Mr., and Bell Rock 
Lighthouse, 286-97. 

Stratford, 39. 

Swithin's, St., Bridge, at Win- 
chester, 45. 
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TATTEBSHALL. 

Tattebshall, Fens near, 241. 

TaflF Bridge, 77. 

Tay, bridges over the, 72, 143, 187. 

Teith, River, 210. 

Temple Newsam, Leeds, 162, 168. 

Thames, 2, 9; docks on the, 16, 

302; the silent highway, 17; 

Commerce of the, 298 ; Pirates of 

the, 299. 
Thrashing Machine, invented by 

Meikle, 206. 
Todmorden, Canal at, 235. 
Torquay Harbour, 312. 
Trajectus, Roman, at London, 59. 
Trinity House, 35 ; lighthouses 

bought by, 98, 103, 128. 
Travelling by Sea, 18. 
Tour de Cordouan, 37. 
Tyne, East Lothian, 183. 

Wade Bbidoe, 52. 

Wainfleet Haven, 243. 

Wakefield Bridge, 54. 

Waldersea, 262. 

Wash, the, 247, 253. 

Waterloo Bridge, over Thames, 
267-77; the plans, 267; the 
foundations, 271; the centering. 



YOUNG. 

272 ; the keying, 273 ; the road, 

275. 
Watt, on Smeaton, 176 ; and Rennie, 

217. 
West Fen, Lincolnshire, 240-252. 
West India Docks, 302. 
Westminster Bridge, 67. 
Whidbey, Mr., 349. 
Whitby Harbour, 13 ; Pharos at, 

28. 
Whitworth, C.E., finishes Forth and 

Clyde Canal, 145 ; advice to Mr. 

Drummond, 210. 
Wick Harbour, 310. 
Wildmore Fen, 240, 245, 249. 
Winchelsea, Lighthouse at, 32. 
Winchester Bridge, 45. 
Winnowing Machine, 199. 
Winstanley, Henry, a mechanical 

genius, 99 ; builds a lighthouse 

on the Eddystone, 99 ; is washed 

away by a storm, 102. 
Witham, River, 241, 250, 253. 

Yarmouth Harbour, 13 ; old pier, 

14. 
Toung, Arthur, and the Lincoln 

Fens, 242. 



THE END. 
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SELF-HELP; 

WITH ILLUSTRATIONS OF CHARACTER, CONDUCT, 
AND PERSEVERANCE. Post 8to. 6u 



*' If I had ftad this hook when I was ayow^man, myl^ewtmid htoftittn ven 
(i&fef9nt**'~Svidti wai the remaxk made to me by a friend on retnnuns Smflen's ' Self- 
lielo^' whid& I had given him to read. I was mudi strode by the obsenration ; and 
while thinking of the immense effect which thb incomparable book has produced in 
England, and of the universally favourable reception whid& the Italian tnmslation has 
received in this country, I received a letter from Signor G. BarMara, in which be mvited 
me to write a book similar to the English one, but illustrated by Italian examples. I 
was much astonished at his thinking me eaual to the work ; but ms valuable suggestion 
delu^hted me, and I accepted his proposal with much cordiality."— Micublb Lbssona, 
in PoUrt 9 Potent, 

" • VoUrr i Potert* (• Will is Power '). Such is the title of a very interesting popular 
work just issued by the eminent Florentine publisher, G. Barbera. The history of this 
production b rather curious. It may not be known that the most remarkable literarv 
success achieved of late years in Italy (where Uterary successes are rhe rarest of aU 
events) has fidlon to tho lot of Mr. &uniiel Smiles's admirable 'Self-Hnlp,' aa Italian 
version of which, published some time a^o at Milan, has since gone through several 
editions, and still appears to be in continual demand. The idea of the book was a 
novelty for Italians, and the moral which it inculcates one so eminently deserving of 
being enforced upon all classes of the public in Italy, that the question soon arose 
wheuer it would not be advisible to extend the sphere of its utility by promoting the 
publication o^ a similar book, specially designed for Italian readers, tmd in which the 
examples of patient industry and of untiring perseverance in the pursuit of a fixed design 
should be drawn from home materials. An association founded in Florence with the 
express object of stimulating the educational movement among the people, offered a 
pnze of 3000 f. for the best production of the kind, and all the literary men of Italy were 
invited to compete. M. Lessona, an agreeable writer upon popular subjects* has already 
entered the lists, and printed his work (' Volere ^ Potere ') without waiting for the awaid 
of the committee appointed to decide between the rival competitors."— ^S'/aiM^sn^. 

* Une grande sagesse qu'on pourrait appeler la splcndenr du boo sens, comme Flaton 
d^nissait le beau la splendeur du vrai, — tefest le caract&re qui distingue surtout ' Self- 
Help.' Ce livre, si populaire ches nos voisins, r^wnd adnurablement aux id^M de la 
famule anglo-saxonne. Recevra-t-il chez nous le mdme accueil? Je I'espire, mais il 
aura aussi, je le crains, plus d'un vieux prtfjugtf k combattre. £n France, n'a-t*on point 
trop coroptd sur les institutions politiques malgr^ la dur6e dph^roire des gouvemements ? 
L'Etat peut faire du premier venu un ministre : il ne saurait en faire un grand homme, 
il m^me un fonctionnaire intigre et capable. II est done bon de chert^er k d'autres 
sources ces Energies morales qui d^veioppent et rtfgen^rent les soci^t&." — Revue des 
Deux Mondes. 

** Mr. Smiles's book is wise beyond die wisdom of any but a very few books tiiat we 
have read. The chapter on the use and abuse of money we must commend to the reader's 
own perusal. It b pregnant with practical wisdom, and contains, besides, some excellent 
remarks upon the improvidence of the working-classes, and upon the evils entailed by Hhn 
pursuit of vulgar 'respectability' among thoir so^csiled supenors. 'Self- Help' is one of 
the souudbst, wisest, most fnstriictirib and most if&olesome wcrks we have opened for a 
long txtn^.^'-Leader 

S&B 
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CHARACTER: 

A VOLUME OF NOBLE CHARACTERISTICS. Post 8va 6m. 




OPINIONS OF THE PRESS, <Srv. 

'* This work is to ttxactly fitted for a gift-bo<^ (and indeed a sdiool-bor or a boy 
IflaTiag idtool need desire no better one) that we are inclined to mention it ncre. llie 
value of character above all mere intellectual culture, the blessedness of woric, the necessity 
of courage and self-control, the sense of duty as the guiding star of life — these are some 
of the topics discussed in ' Character/ — not, however, as abstract propositions, but with 
the help of a store of illustrations drawn from the biographies of great men. The book 
possesses, if we mav use the expression, a vital force, and ran scarcely fail to stimulate 
the reader. The chapters headed ' Companionship of Books,' and ' Companionship ' ia 
Marriage,' will be read with special interest."— /W/ Mall GamttU, 

" To the lovers of a pure and healthy literature, this invigorating and h$p^h-toned 
volume from the pen of the author of ' Self-Help,' wiU afford realand genuine enjojrment. 
In the clear and attractive style which has rendered nis previotis wridnes so deservedly 
popular, Mr. Smiles has here shown to what a height of mental and morsu excellence our 
weak and imperfect nature aiav attain, and how much true nobility of character it may 
develop and sustain. .... The last two chapters, on Companionship in Marriage and 
the Discipline of Experience, form a fitting conclusion to so excellent a book, and are 
pregnant with interest and lessons of the highest wisdom. The breadth and soiudness of 
the views enunciated in the former on some delicate but universally important topics are 
especially commendable, and should be read and pondered over by all who see a much* 
neglected source of happiness for the people in the elevation of their home-life^ and a 
more extensive cultivation of the domestic virtues."— Z«a& Mercury, 

** Uniform in size with the author's very ponular ' Self-Helpk' this work is of d&e same 
tone and cast of thought. Believing that Character b a great power in the world, the 
author treats the various points in which it may be developed, or which odl it fortih. 
Hence, we luive chapters on Home Power, Companionship, Temper, Marriage, Expe- 
rience, and abundant citations of examples, so that the work is full of interest. It is 
difiScult indeed to limit the good that may arise from these honest, earnest books, full of 
right thinking ; plaiiK sensible, and not too full of sca!dsaeat.**-~Pu6l£siiers' Cwntlar. 
' " Readers of Self-Help' will need no further inducement to send them in seardi of 

the new work by the author of that charming book It would be difficult to select 

a book more admirably adapted as a present to a yotmg man or young woman at the 
outset of life. The charm of the sfyfe is irresistible ; the moral conveyed altogether 
animpeadiaUe." — Manchester Courier, 

*' The author of ' Self-Help' has produced another little book which will soon run ovei 
the face oi Uie land, and help to inspire the rising generation with ennobling sentiments. 
In our hunger for facts, we must not overlook the value of ideas. While we are striving 
to give our young people technical information, we must not omit to teach them to be 
truthful, high-thougnted, noble men and women. We must foster their abilities, but not 

ibrget Character Mr. Smiles, in this very diarmii^ volume, has brought together 

the opinions and sayings of good and wise men of all times, as to the various qiudities 

which go to form character The result is a valuable bode, catoilarcd as weU to 

give delight as to do good."— ^aMU>r. 

" Mr. Smiles has been fortunate in the choice of his subject ; and, as a work of idso 
counsel and thoughtful instruction, the new book is quite as successful as any of iti 
author's {Jrevious works. Nor is it any less entertaining. It literally teems with apposite 
and interesting anecdotes, and the writer's style is at once so lively and rfigirififfd^ that on 
the one hand he never becomes dry however earnestly and seriously he discusses life and 
duty ; and, on the other, he never degenerates into mppanc> ia hu most Mn^ utln g Jois* 
ftations."- JfoxKAtfx/^r Examiner^ 
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THRIFT: 

A BOOK OF DOMESTIC COUNSEL. Post 8va 6t. 

"There is no book among the current literature of the day we would rather see in a 
young man's hand than this. Although every person in his daily experience must meet 
with many instances of the folly of unthrift, especially among the poorer classes, the 
frequency of the text, and it is to be feared the disposition of the a^ e* render the lesson 
valueless. Domestic economy as an art and a science is an unstudied subject, and one 
few writers have deemed worthy of their thoughts. We cannot therefore feel sufficiently 
thankful that the able writer of ' Self-Help ' has turned his attention to it, and endea- 
voured, in language that has not only a literary charm about it; but bears the stamp of 
philanthropic earnestness, to rouse the interest, and thereby the reflection, of the British 
public in so important a matter of national welfare. The dignity of labour, the necessity 
of inducing habits of saving, the wickedness of extravagant living, the dangers of pros- 
perity, and the want of sympathy between employers and employeid, are topics on which 
Mr. Smiles speaks hard, and it may be, unpleasant truths, accompanied by a fund of 
illustration. Perhaps no part of the book b so valuable as die dissipation of'^the super- 
stitious belief in good-luck and the chapter on the art of living. We trust the work will 
be found in every village and public library, that its prinaples may be disseminated 
broadcast among our youth, and we can assure all that they may eiyoy in it many an 
hour's pleasant and profitable reading."— vy/rc/o/^r. 

" Mr. Smiles deals with some of the leading social questions of the day, such as Co- 

Sieration and Association. He sketdies the sanitary movement, unsparingly satirises 
e feminine follies of fashionable circles, and* lastly, concludes with an admirable essay 
on what may be called the aesthetics of common life. We all know what a book from 
Mr. Smiles is sure to be, tmecdotical, practical, and abounding in good sense and every- 
day wisdom. ^Academy, 



DUTY; 



WITH ILLUSTRATIONS OF COURAGE, PATIENCE, AND 

ENDURANCE. Post 8vo. 6j. 



«• 



' The good which diese books have done to their millions of readers is quite beyond 
computation. They have always been practical, wholesome, and inspiring.''— ^of^fr'j 
Monthly MagoMuu* 

" The author has produced an excellent book, which for solid usefulness may well 
claim to be preferred to the lighter productions of the time."— /W/ Mali GazetU, 

" Dr. Smiles has adiieved the best work when, unimpeded by the conflicting daims 
of party or inreiudice, he is able to pass in review those examples of bravery, sel^ 
devotion, and what, in the best sense of the word, may be called heroism. • • • • Nor 
does he forget to stir the hearts of his readers with examples of the dutiful love and fisiith 
of animal , and so move them to a more thorough sense of their reciprocal duty. He 
thus inculcates broad views of duty to man and beast, that command universal approval 
and deserve unquestionable all^ianoe.**— iTjraiwmirr. 

" The author writes as one who sympathises with the struggles and the failures of 
those who, in spite of difficulties, are trying to reach a nobler life. And it is this evident 
sympathy, associated with the manly simplicity and directness of his styles his sterling 
good sense, his judicious counsel, and his immense fund of wbely-manipulated anecdote, 
that makes this volume likely to be not only popular, but thoroughly useful."— CAm/Mii 



"The book is replete widi all the attractions of its predecessors— so full of anecdote 
tfiat it will be pleasant to the young as a story-book, while its lessons of wise counsel 
will fit it eminently to guide in leaders in their various paths through lift."— r^ Quetn. 



1 6 ) 



LIVES OF THE ENGINEERS 

OPINIONS OF THE PRESS ON VOL. IV. 
[thx stsam-bnoinb— boulton and watt.] 



" Mr. Smiles has done wisely to fink die names of Boulton and Watt together b 
die ifolume before us. The more we read of the correspondence between these two great 
CDcn during the birth of the new motive power, the more we feel convinced that the woi^ 
Das to be tnankful for their happy partnership. Boulton Memed by some happy chance to 

Sossess all the Qualities of mmd that were wanting in Watt. . . . From the heans of 
iisty ledgers in tne counting-house at Soho. the author has drawn the materials for tnese 
deei^y-interesting lives, and has so handled them as to produce a'volume whidi wordiily 
crowns his e£forts in thh most interesting, because before untrodden, walk in literabue.* 

" Boulton was the complement of Watt's active intelligence. . . . His is a memory of 
which die leaders of industry in Great Britain may well be proud. Hb virtues were the 
common virtues which render the English character respected throughout the world, but 
in him thev were combined with admirable harmony, and were unsullied by any of those 
vices whi<m too frequendy degrade the reputation of our countrymen. We cannot read 
of Mr. Boulton's grand struggle to bring the steam-engine into further use without a 
feeling of pure admiration. . . . We lay down this volume with a feeling of pvide and 
admiration that England had the honour of producing at the same time two such men, 
whose labours will continue to benefit mankmd to the remotest generation, and widi 
gratitude to the distinguished biographist who preserves for the instruction of the tinMS 
to come, pictures of them so full of life and reality.*' — Daily News, 

" Mr. Smiles has been enabled, by the examination of some hidierto unused papers, Ic 
throw a new Ught upon much of Watt's career ; and he has shown much skill in nsiBg 
them so as not to become wearisome, and yet to give us a ver^.full and interesting picture. 
There is^ in fact, a certain dramatic mterest about the early history of the great discovery, 
which Mr. Smiles has well brought out. . . • Boulton is a really noble character, to whott 
Mr. Smiles has done justice, and whose combination with a man of Watt's marvellous 
abilities, but defective practical talents, was of the greatest use to themselves and to die 
country."— /W/ Maii Gazetft, 

" In diit volume Mr. Smiles has published a highly interesting and judidonsIy-coB- 
densed joint biosraphy of the two men to whom England owes such an incalculabte 
deirolopnent of her wealth and power during the last century. . . . Mr. Smiles caniei 
ploisandy all who choose to read him carefully^ through the history of the various im- 
provements en^prafted bv Watt on his original engine, and of the other scientific inventions 
apon which his fertile brain was perpetually at work. He gives, also, a curious and 
biteriesting account of the part taken by Boulton in the preventbn fk the frigfatfiiOy 
i<cevalent crime of coining base money, uirough the application of steam-power to the 
coinage of a far more accurately-stxuck currency in metal of a more intrinsic vmlue." 
^aturde^ Review, 

" That Mr. Smiles's will be t2» standard Ufe of the great engueer te rimply die 
necessity of his greater art as an industrial biographer. His skill in weaving togethet 
anecdote and description, representations of what was known with 4 distinct spacificatka 



LIVES OF BOITLTON AND WATT. 



of what was oontrnmted by his hero ; his dramatic power, in this volume espedaUy* 
exhfbited in the contrast of the two partners, — the sanguine, speculative character ol 
Bouiton ; the anxious, morbid, cautious temper of Watt,— one full of hope in the very 
darkest circumstances, the other full of fear in the brightest, — ^glvethe volune a wonderful 
chazm. The life of Watt is a ((reat epic of discovery : the narrative of it by Mr. Smiles 
Is an artistic and finished poem.'' — British QtutrUrfy Rndtw, 

" We venture to think that this, Mr. Smiles's most recent work, will achieve even a 
higher popularity than those which have preceded it. We are impressed by this book 
with the fact that hitherto, however highly public speakers and writers may have lauded 
Watt and his achievement?, the general public have really knoMm little or nothing of this 
great man's history, life, and character. These are admurably and graphically depicted 
m the volume before us; in the preparation of which the author appears to liave had 
access to a vast mass of authentic documents, of which he has made excellent use." — 
Obttrver. 



" Mr. Smiles has told die tale of Bouiton and Watt's common struggles and common 
triumphs, in his clear, manW style, with sufficient anecdote to illustrate and enrich the 
narrative, and sufficient te^sicsd or scientific explanation to make his readers understand 
the nature of the inventions and experiments which he records." — IVtttminster Review. 

*' The two men are brought before us with' all the distinctness of life. As the pioneers 
of aopUed mechanics, Bouiton and Watt commend themselves to the special gratitude 
of dbose whose pursuits lie in the path wherein they first trod. So, too, in his degree, 
does Mr. Smiles d.eserve to be remembered for the services he has rendered in thus 
emb^lmiing the records of those men to whom England owes so very much of her great- 
ness." — Meckaniaf MagoMme, 

'* By knitting into one narrative the lives of both men, so intimately related through a 
Quarter of a century that they could only be told as one story, Mr. Smiles has for the first 
tune worthily set forth the history of one of the most memorable manufacturinp; estab- 
lishments in the whole circle of English commerce. It was a thing well worth domg, and 
Mr. Smiles has done it with the sound knowledge, grace of style, and excellent purpose 
of which all his earlior books have given ample proof."— ^jramMrr. 

" The story of the labours of these two men is equal in power to anything that 
Mr. Smiles has written ; and although there are numerous biof;raphies of Watt, we are 
certain that there are none which wiO so faithfully and vividly bnng him before the eye as 
this. The * IJfe of Bouiton,' with which that of Watt is now inseparably joined, is one of 
the most peifect contributions which the author has made to English literature."-— 6^i^4£vw 
Iferaid, 

" The lives of these two men. so variously but so richly endowed — the woik which 
Ihey did, and the courage with which they met and overcame enormous dif£cultie»— are 
more exciting than the story of a great battle. In fact, the two lives might be called the 
story of a great battle — ^the contest of genius and courage with the forces of nature, in 
which the former obtained the victory. . . . The work is in every respect a worthy 
monument to the memory of the great men whose lives and works it commemorates."— 
Birmingkam DaUy GazetU. 

" The author of this woik is an enthusiast in biography. Of all his publisbedbooks, 
next to ' S<Jf-Help,' this volume, lately issued, is his most interesting one. The extensive 
collection of Soho documents to which he has had access, has enabled him to add so much 
tliat is new and valuable to the story of his hero's career, that hereafter this biograj^y 
must take the first {dace as a record of the great inventor."— ^/^xf/u: Monthly, 

*< A noble volume in every way— in binding, {taper, print, iUustratioas, and aubjeet. 
The ' lives of the Engineers ' are a scries of biographies all Englishmen may read. 
■Mrbaps with some sadness^ but certainly with great pleasure and paride."— //Atf/mW 
London HfWs, 
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[THX LOCOMOTIVE— GEO&GB AMD ROBE&T STKPHSNSON.] 



" It is a singular fate that som« of the world's greatest benefactors should pass from 
ihe world with their history comparatively unnoticed .... and we rightly rejoice when 
the claims of any of them are vindicated— wh.»i, from the hidden company of the 
Brindleys and Watts, men risen from the ranks to do world-vride service, and 
incidendy to be the architects of their country's later greatness, we can obtain the 
authentic history of such a creator as Geoige Stephenson. It is not too much to sav, 
that by Mr. Smiles, who has performed this office with eminent success, a considerable 
void is filled up in the page of modem history. We see the vast proportions of our 
modem achievements, and the epic story of this age of iron, more than half comprised in 
the feats of its strongest and most successful worker. The worker himself, with his 
noble simplicity and energy, his zeal for his kind, his native-bom gentleness, and 
indomitable tenacity, would probably have been eminent in any age or condition ol 
society ; but, in virtue of his actual achievements and the obstacles he surmounted, of his 
struggles and triumphs, we may designate him a hero, and ask, in defence of this 
arbitrary title, what real conditions of heroism were there wanting? "—7^A« Times. 



It • 



'We should like to sec this biography in the hands of all our young men. One 
breathes a healthy, bracing atmosphere in reading this book. It sets before us a fine 
instance of success in life attained purely in the sxercise of genuine qualities. There was 

no sham about Geor^^e Stephenson He was a great nd^ good nian, and we can 

give the * Life * no higher praise than to say that it is worthy^ of its subject. Mr. Smiles 
IS so anxious to place the character nnd career of Stephenson justly before his readers, that 
he qiiite forgets himself. .... We do not know that there ever lived an individual 
to whom eadi separate inhabitant of Great Britain owes so much of real tangible 
advantage.'' — Fnuet's Magazine. ' 

"Whether the remarkable character of Georee Stephenson, or the work which he 
accomplished, or the manner in which the story of both is here told, be considered, there 
b but one judgment to be pronounced upon this book, and that is an unqualified approvaL 
There b not a youth in the kingdom, whether high-bom or low-bom, who would not find 
in its perusal a healthy and elevating stimulus. The demand for the larger work, from 
which thb has been condensed, has been so great, that we are encouraged to believe that 
in thb, its cheaper form, it will have an enormous circulation. We earnestly hope 
it may. Let no youth or young man who may read these lines omit to procure it ; as a 
possession, if possible ; if not, for perusal." — Mechanic^ Magazine. 

" It b the fate of few men, even of those who are the most signal public benefactors, to 
be knJWD and appreciated by the genepdon in which they live. The fame of George 
Stephenson spread slowly, and, great as it has at last b«come, we cannot question that it wiU 
continue to increase with time. Not only b he a surprising example cla labourer rabins 
himself to wealth and eminence without one solitary advantage except what he derived 
from hb own genius ; but the direction which that genius took has stamped his name 

upon the most wondeirful achievement of our age He died, leaving behind him 

the highest character for simplidty, kindness of heart, and absolute freedom from aQ 
Bordidness of dbposition. Hb virtues are very beautifully illustrated, and by no means 
exaggerated^ in hb Life by Mr. Smiles. • •, . • There b scarcely a sinp^le page of the 
wxnkwhich is not suggestive, and on which it would not be profitable to institute inquiry 
into the results of past experience as oo .npaztd with present practice, The whole ground 
to Dovdf and of the highest vaXxxesX."— Quarterly Review, 
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THE HUGUENOTS: 

THEIR SETTLEMENTS, CHURCHES, AND INDUSTRIES IN 
ENGLAND AND IRELAND. Crown 8vo, *js, ^. 



"The canning of Mr. SmHes's hand never fails him. He has chosen the prosaic side 
of Hu^enot history, and has made it as fascinating as a romance. He has not essayed 
to depict the religious heroisin or^ the social tragedy of the Huguenot story — he has re- 
stricted himself to the economical influence of its migrations, and he has made the statistics 
and genealogies— of which his work is full — as interesting as Homer's lists of ships and 
heroes, or as Milton's array of the demi-gods of hell. The process seems very simple 
fUd easy, hut it can be saved from utter dreariness only by consummate art. Mr. Smiles 
has pursued his investigations with a laborious minuteness worthy of the Statistical 
Society and of the Heralds' G>Ilege ; and yet it is as unpossible to skip a page, as in 
leading his Life of Stephenson."— ^W/trA Quarterly. 

" Avec un rare d&sinttfressement national et un sentiment de justice qu'on ne saurait 
trop encoura^er, un ^crivain Anglais vient aujourd'hui rendre aux Strangers ce que la 
riche et laborieuse Angleterre du xix"M siecle doit aux Strangers. M. Smiles est I'historien 
de U vi4)eur et de toutes les d^ouvertes utiles ; ses htfros sont les inventeurs, les artisans 
odli^brcs, les ingtfnieurs, tons ceux, en un mot, qui ont dtfrob^ k la nature un secret ou 
«n force pour ^tendre le rfegne de I'homms sur ik matifcre. Les conqu€tes de Tindustrie 
et du commerce le pr6>ccupent bien autrsment que les victoires des arm6;s Anglaises 
.... Par la toumure de ses idtfes et I'ordre de ses Etudes, M. Smiles tftait done 
prdpar^ k trailer cet int^ressant sujet, — la naissance des arts utiles chez un grand peuple 
qui, k I'origine, n'avait pas d'industrie." — Revue des Deux Mondes. 

** The work of Mr, Smiles embraces a subject which has never been adequately treated, 
at least in £np;lish literature— the history, namely, of the French and Flemish Protestant 
lefugees in this counQry. and their descendants. 

*' Of the powerful influence exercised by this immigration on our industry, commerce, 
arts, literature, even our usages and modes of thought, few are aware. The subject is 
by no means a familiar one among ourselves. The 'whole revolution, so to speak, took 
place so gradually, the new population amalgamated so readily and thoroughly with the 
old, that people hardly attached to the phenomena which pa^ed under their eyes theit 
real importance. Mr. Smiles's account of it is, therefore, admirably calculated to impart, 
not only new knowledge, but really new ideas, to most of us. 

" To readers who love to dwell on heroic vicissitudes lather than on mere details of 
economical progress, Mr. Smiles's account of the persecution in France, the suflerings of 
the many and the marvellous escapes of the few, will prove the most attractive part of 
his work. 

" How this noble army of emigrants for conscience sake — the truest aristocracy, per- 
haps, which has ever developed itself— gradually and peacefully amalgamated with that 
mass of the English people which they had done so much to enrich and to instruct, Mr. 
Smiles has fully shown. He recounts their euthanasia, if such it may be termed, as he 
does their rise. To one of the great causes of their success, and not in England only, 
he does ample justice. They were, as a body, extremely well educated ^ and they 
jealously txansmitted that inheritance, which they had brought from France, to their 
children. The poorest Huguenot refugee was almost always a cultivated man. Hence 
their great advantage in the fair race of industry."— /W/ JUati Gazette, 

"Mr. Smiles's book on 'The Hu|nienots' is an impsovement on anything he has jet 
done, and it deserves a success which, by reason of its very merits, we fear it has no 
chance of attaining^ The subject breaks ground that may almost be odled fallow. Many 
diapters of EngUu history, suid these not the least interesting or important, are for the 
first time written, with the care and breadth they deserve, by Mr. Snules."— London 
Rczncw* 
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INDUSTRIAL BIOGRAPHY: 

IRON-WORKERS AND TOOL-MAKERS. Post 8vo. 6s. 
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OPINIONS OF THE PRESS. 

" Mr. Smilts has hit upon a rich vdn of ore, and works it with jgreat suooeat. He 
has the art of biography, which is by no means so easy of attainment as, judging from 
the number of persons who attempt this roecies .of composition, one would imagine it to 
be. Memoirs are countless, but the number of bic^raphiesthat can be accepts as suc- 
cessful worics of art are very few indeed. Mr. SmUes is not only a skilful workman, he 
has chosen a new field of work. Hitherto the great biogra{>hies have been written of 
soldiers and sailors, and statesmen, poets and artists, and philosophers. It would seera 
as if these only were the great men of the world, as if these only were the benefactors ol 
mankind, whose deeds are worthy of memory. The suspici(m has arisen that, after all. 
there may be other heroes than those of the pen, the sceptre, and the sword. There are, 
indeed, men in various walks of life whose footsteps are w(»thy of being traced ; but 
surely, considering what England is, and to what we owe most of our material greatness. 
the hves of our Engineers are peculiarly worthy of being written. ' The true Epic of ou 
time,' says Mr. Carlyle, ' b not Arms and the man, but Tools and the man — an infinitely 
wider kind of Epic' Our machinery has been the making of us ; our ironworks have, ia 
spite of the progress of other nations, still kept the balance in our hands. Smith-work 
m sdl its branches of engine-making, machine-making, tool-making, cutlery, iron ship- 
building, and iron-working generally, is our chief glory. England b the nustress ol 
manufactures, and so the c^ueen of the world, because it b the land of Smith ; and Mr. 
Smiles's biographies are a history of the great family of Smith. Many of the facts wlucb 
he places before us are wholly new, and are derived firom the most likely sources. Thus, 
Maudsla/s partner, Mr. Joshua Field, and hb pupil, Mr. Nasmyth, suppBed the 
materials for nb biography. Mr. John Penn supplied the chief material for tne memoir 
of Clement. And so of the other memoirs ;, though they necessarily go over much well- 
trodden ground, they contain also much original mformation, expressed with great clear- 
ness, and with a practised skill which renders the reader secure of entertainment in every 
page." — Timet. 

'* Thb is not a very large book, but it b astonishing how much individual, conscientious, 
and thoroughly ori^al research has been required for its composition, and how much 
interesting matter it contains which we possess in no other form. Mr. Smiles rescues no 
name, but many hbtories, from oblivion. His heroes are known and gratefully remeni' 
oered for the benefits they have conferred on mankind, but our knowledge of our beno* 
factors has hitherto been, mostly confined t: our knowledge of the benefit. It was 
reserved fx Mr. Smiles to discover in the wotkshop, heroes as true as ever hurled their 
battalions across a battle;-field, and to present us with much-enduring, much-endeavouring 
and brave men, where hitherto we had been content with disembodied, almost meaning 
less names. The present work b further dbtinguished, not indeed from its predecessors^ 
but from much of the current literature, by the exquisitely pelludd English, the vigorous 
but unobtrusive style, in which the narratives are convey^ The value of the work 
before us b doubled, and the time required for perusing, and especially for consulting hm 
halved, by the full and minute index in which its contents are tabulated."— f^^Sav^Mix^ 
Daify Xtview, 

" As we read the narrative of the pi o gre ss of iron-manufacture in Mr. Smiles's virinnM^ 
re feel more and more proud of the country that has given such men birth, and who 
hare added to the greatness of its prosperity and fame. Even, although there tan many 
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fnifanow exhibited where faflure was the only reward of the faiventor hi his day and 

Seneratioo, beca^ise of the time ux which he lived not being r^ enough to permit its 
eaiiens to gram improvement and give it form and presence; yet it is dearly enough 
faistanced tluit their labours were not in vain. Although other men entered into those 
laboiirs, yet all himoiu is due to the original thinker and practical worker, who, at the 
cost of loss to his own fortunes, ye< persevered in his assurance that he had caught at a 
great truth, and would not let it die, although his ovm ruin and abject poverty might be^ 
us it often was, the only consequence to himself. If success were not always won, Mr. 
Smiles proves, indeed, that it was well deserved. His book is one especially fur the 
rising generation. Never may he know how the pursuit of his well-spent leisure hours 
may act : but of this we are confident, that pursuit will form many a young man's cha- 
racteis give him encou.'agement under trial,^ and induce him never to give in, whilst thero 
is a chance before him of doing service to his fellow-men by means of his own inventioiu 
and exertions." — BeWs Weekly Messenger. 

" This is one of the most delightful books we have ever read. It b at once practical, 
instructive, and suggestive, whoever wishes to benefit his young friends will present 
them ever3^ one with a copy of thL^ book. Whatever struggling mechanic who, feeling 
that there is somethine beyond what he now knows or can execute, yet hesitates or fears, 
let him read this book. It is a sovereign panacea for doubt or cowardice. Whoevef 
takes dehght in watching the development of knowledge and in ascertaining the soutces 
of the privileges which surround him, let him possess himself of this book, and we can 
promise him a treat of no ordinary character." — Sheffield Daily Telegraph. 

" Who has not read Mr. Smiles's ' Lhres of the Engineers' ? Pleasant volumes, abound- 
ing in quaint strange stories of life-struggles, of batdes fought and won by mind over 
stem matter, ay, and more difficult task, over the opposmg intellects of men, often 
envious, and always sceptical. Mr. Smiles has •established a world-wide reputation as 
the champion of the en^neer and the inventor. What matter, that he .sometimes acts 
the part of knight-errant, and couches his lance in defence of those who have no claim on 
his services, simply because they appear to enjoy scant justice at the hands of others T 
His books are none the less readable, that he thrown the halo of a fine imagination 
arotmd the acts of his heroes, investing them with a simplicity of purpose, a nobleness ol 
heart, which is all too rare in the world. With the memory of his last book before us« 
need we say that we welcome yet^ another wrou^ht^ by the same brain f Our author 
liardly does himself justice in stating that his principal task has lain in selecting and 
arranging the materials placed at his disposal, supplied, for the most part, by the de- 
scendants or surviving contemporaries of the men whose leading characteristics he 
records. The volume before us Dears little evidence of the heterogeneous mass of papers 
firom which it has been built up with a prudent and skilful hand. Traces of the original 
material, it is true, start out here and there in bold relief through its pages ; but they 
only serve to impart a quaint tone of truthful simplicity to the whole, which is very 
pleasing. Mr. Smiles treats of men who have risen to fame by a lifelong struggle, in-^ 
domitable energy, and a thorough reliance on their own powers. To write the biography 
of men like Dud Dudley, Andrew Yarranton, Henry Cort, oi- Joseph Clement, must 
oonstiiute a pleasure in itself; while to read it, as Mr. Smiles has put it before us, 
conveys a feeling of something more than pleasure. To do full justice to the book in a 
short article, is beyond our power ; the public must read and enjoy for themselves.**— 
Mechankt^ Magazi$u, 

" It is scarcely posdble to exaggerate the usefulness or the attractiveness of the vohune 
which Mr. Smiles has just publistMd. It has all the interest of a romance, it is as full of 
instruction as the dullest and driest scientific treatise can be. It is a book which will be 
a &voiirite with our schoolboys, and it requires no gift of preternatural foresight to 
ecaUe us to predict that many a future James Nasmyth, many a Henry Maudslay i^ 
times to come, will derive that healthy stimulus which is needed to quicken the inventive 
geaius, from the fascinating pages of this most delightful volume. No library for working 
men, no good collection of reading books ia our schools, will be complete without this 
vdtune of* Industrial Bi<^raphy.* For ourselves we own that, much as we have been 
instructed and debghted with the record of inventive skill and of indomitable perseverance 
«ind industry which we have found in Mr. SmUes's earlier works, there is none of thexn 
whtdi exceed — ^we had almost said which equal— in interest this history of the iron trade 
and the biography of the iron-woiicers and tool-makers.**— ^(Mw BfUl, 
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(BAKER OF THURSO,) GEOLOGIST AND BOTANIST. 
With a Po&trait and 50 Illustrations. Crown Svo. tzs. 



" Robert Dick's life, from beffinning to end, was a series of struggles with adversity. 
Late in life, when his marvellous Knowledge of local natural history became known, ho 
cojoyed the correspondence of many eminent naturalists smd collectors ; but, amoni; 
these correspondents, how few knew anything about his private circumstances ; how 
few dreamed that while he was generously presenting them with fossil fish from tlM 
Old Red Sandstone, or with rare plants from the flora of Caithness,— he found it hard 
—in spite of extreme frugality— to earn sufficient to support himself and his faithful 
housekeeper. 

" On the publication of Hugh Miller's writings, Dick became deeply interested in 

Etalogy- His indefatigable industry, and the energy with which he always threw 
imself into any new study, soon led to important discoveries. Many a new fossil was 
carefully hammered and chiselled out of the Old Red Sandstone, and duly packed ofif 
to Hugh Miller. . . . Another friend with whom Dick regulariy correspoaded was 
Mr. Charles Peach, of the Coast Guard Service. Mr. Peach is a man almost as remark- 
able as Dick himsdf, and we feel indebted to Mr. Smiles for having devoted a diapter 
to a sketch of his career, 'i'hose who enjoy Mr. Peach's acquaintance will also be fj^ad 
to find in the volume an excellent portrait of this fine old naturalist. . . . The 
story here told b one of such absorbing interest that, from the first page to the las^ 
the author keeps his reader in deep sympathy with his hero. Mr. Smiles s volume will 
be a more enduring monument to the scientific baker than the obelisk which proudly 
keeps guard over nis grave in the cemetery at Thurso."— '/Vi^/^«0r RitdUr $» iiU 
Academy, 

" Robert Dick was one of those remarkable men of whom our country is jnstly 
proud. Belonging by birth, means, and position to the lower orders, spending a lira 
of unceasing labour and fkot a little privation, earning his bread, to tlw las^ by tke 
sweat of his brow— constantly on ' poordth's brink,' he yet, by dint of hard toil and 
indomitable perseverance, became an accomplished geologist uid a profound botanist, 
and has taken a high and permanent place amon^ the eminent saentific men of the 
age. . . . Dr. Smiles has produced a deeply mteresting biography of this most 
laborious, unselfish, and modest Scottish wortby. We have read it with mingled 
feelings of admiration, sorrow, and indignation." — North Briiisk Dmify Mail, 

"Mr. Smiles has shown us the familiar traits of a man as faithful and self-helping 
as any who were ever rewarded with the outward success which takes the eye of the 
world ; a man who, though shrewdy and practical, never allowed worldly views to ooo- 
flict with his ideal ; who, in all simplicity, without complaining, or ignoble greed of 
fame, followed out the bent of his singular genius." — Btlftut Northern Whig, 

** The story of a man quite as interesting as Thomas Edward, quite as self-helpful, 
and perhaps more gifted as regards thought : certainly of a more poetica^ meditadv^ 
and numerous turn. Dick is from first to last an original, not a mere workm^ geolop;ist 
or botanist, but a man with a character distinctively his own alike in all hu relation* 
ships : and he never speaks, never writes the simplest letter, but he casts modest, 
unpretentious light upon the very deepest problems. . . . The portrait of Dick is 
etcned with all M. Rajon's peculiar power, pving at once the idea of^greatobservatioo, 
fine thought, emotion, self-restraint, and pawky humour, as seen in the twinkle <oli the 
eyes, that so dbtinguished the original of it. And little less can be said of the admirablir 
portrait of Mr. Peach, whose life so nicely matches that of Didc No more readable 
and attractive book of the kind have we ever had in hand: let cur readen be sharers 
I& our pleasure by procuriog \X^—Noncon/6muU, 
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